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ABSTRACT

STABLE WHITE COATINGS

Investigations were conducted to develop a white thermal-

control coating for spacecraft. The primary requirements were

that the paint possess good stability to ultraviolet irradiation

in vacuum, that the maximum allowable change in the ratio of

solar absorptance to emittance be only 10% after one year of

absorptance to emittance be 0_20 _ 0_05_ and that the emit-

tance be approximately 0_90o The other requirements were that

the coating cure at less than 300°F and that it adhere to

materi_Is such as aluminum and conversion-coated magnesium

through temperature changes of 50°F per minute between 200
and -100°F_

Of the pigments studied, zinc oxide, zinc sulfide_ and

calcined china clay were the most satisfactory, in that order.

Of the vehicles_ methyl sillcones and alkali sllicates were

the most satisfactory. After zinc oxide was selected as the

pigment developmental work concerning formulation and

application was conducted to determine the best combination

of physical and optical propertles for both organic and

inorganic coatings. The desired properties were obtained

through the use of a high-pu[ity zlnc oxide_ SP 500_ in

conjunctlon with either a methyl sillcone polymer syntheslzed

in our laboratories or a commezical potassium silicate. PS7.

Both systems changed less than 0 02 in solar absorptance after

an exposure of over 4000 equivalent sun-hours.

It is concluded that satisfactory passive therm_l control

can be achieved with coatings of methyl sllicone-bonded or

potassium silicate-bonded zinc oxide The paint must be

stringently clean in order to prevent photolysis of contaminants,

such as sebum and organic solvent residues<.
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GLOS SARY

_i and _2

£

_/_

ESH

Me/Si

PBR

PVC

3olar absorptance.

_i _ _2 = _"

_1 corresponds to that half of the sun's energy

b_low 700 mM_ and _2 corresponds to that half

above 700 mM.

Change in absorptance.

Emittance.

Ratio of solar absorptance to infrared emittance.

Equivalent sun-hours.

Molar ratio of methyl groups to silicon atoms.

Pigment/binder ratio.

Pigment volume concentration.
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STABLE WHITE COATINGS

I . INTRODUCTION

The principal objective of this program was the develop-

ment of a white spacecraft-thermal-control coating with

exceptional stability to extraterrestrial solar radiation°

Therefore the primary requirements were that:

-the coating have a high resistance to ultraviolet

radiation in vacuum_ namely_ the change in the

ratio of solar absorptance to infrared emlttance

be only 10% after 1 year of exposure

-the ratio of solar absorptance to infrared emittance

of the coating be 0°30 or less

-the infrared emlttance of the coating be approxi-

mately 0.9.

The other requirements were that:

-the coating cure at 300°F or less

-the coating remain adherent to aluminum alloys

and other spacecraft structural materials through

temperature changes of 50°F per minute between

200 and -100°F.

Emphasis was directed more to the change in value than

to the absolute value of solar absorptance. Accordingly_ the

measurement of spectral reflectance within the solar region

wms directed more toward precision than toward absolute

accuracy.

Pigmented coatlngs_ i.e , paitlts, were studied rather

than evaporated metal films or chemical convezsion coatings

because of practical considerations First_ the ease of

application of paints permits the employment of thermal-control

coatings at convenient times during the fabrication of

spacecraft. Second_ painted surfaces are more easily

recoated in the event of thermal-des±gn changes or the

occurrence of .oiled and damaged area._

Conventional or commerclal coatlngs were not studied

because they deteriorate rapidly under ultraviolet irradiation

in vacuum_ Instead_ experimental laboratory formulations

with known ingredients_ purities and weight ratios were

investigated° Since very few mate_lals have the stability

required for long-range space probes_ some unusual formulations

were studied. The work was divlded broadly into organic and

IfT RESEARCH INSTITUTE
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inorganic coatings_ Organics tend to provide better adhesion
and certaln other mechanlcal propelt[es whereas inorganics
tend to possess better uitravioie_ stab±Izty: The established
adhesiveness low curlng tempelatu_e aDsence of color _ and
refractoriness of the alkali sii_cates made thema logical

choice for evaluation as paint venlcles_

In order %o reduce the complexity uf _he problems involved_

pigments and palnt vehlckes were exposed individually to ultra-

,,_i_+._ __..'_=_=_ _..'__,=_,-,,_._.__..These scLeen!ng experiments

were the basls for the subsequent choxce of potentlally stable

paint formulations Determ_natlon or spectral reflectance

and solar aDsorptance before and after exposure showed that

no material studied was compiet:exy unaffected b_ ultraviolet

irradiation in vacuum -- a zesui< wnLcZ is consistent with

the findings of other workers. Zinc-oxlde and_ to a lesser

extent, zinc sulfide were found to De unusually stable white

plgments and formed reiatlvely stable coatings when dispersed

in pure potassium s_ilcate cr in methyl si±Icone polymers..

The bulk of _he research effort was de_oted to the

development of stlil more stable p±gmented potassium silicate

and methyl silicone palnts. Vaz _ous meth_l sliicone resins

were synthesized in attempts to zmp.{_ve uoth their ultraviolet

stabllity and theiz flLm-fozm±ng cnaracteristlcs The physical

and optical prope_tles ot zbe silicate and sillcone palnts

were measured as funczzons of paint _hlckness and composition°

The effects of so±ling and cleazllng candidate coat±nas were

studied in an attempt to define the p_cDLems antlcipated during

spacecraft fabrication and dur=ng checkout 3ust pr ior to

launch° Dirt-imperv±ous or cieanaD!e coatings of intermediate

low solar absorptance are preferable _n pracz±ce to nonciean-

able coatings of except_onalXy Low solar aDscrptance when

permlssibie from the standpoint or thermal design

Many Innerestlng observations w6fe n_t investigated

because'of lack of txme and resources These oDservatlons_

together with descriptions of se_ezax spec:ai investigatlons
which were not followed _o conclusion a_e discussed in the

section on related investigat±ons Section X.

The requirement for h_gh s[aO_l_<y to the space environ-

ment includes not only <he sola£ ui[.iav_clet as a consequence

of the suns temperazure bur also eerier ladiat±ons in space_

prlmarlly galactic (cosmlc) proton rad±atlon and trapped

charged partlcles _n the Van AlLen Dear Adequate s±muiation

of solar ultravloie_ De±ow 2000 A .nc_udlng Lyman alpha as

well as the high-energy particulate _ad_atlons_ is both

difficult and expensive Further, more of a total of 135 watts

per square foot at eaz th-distance less than 0 25 watts per

square foot of eiectromagnet±c l adiatzon is radiated be±ow

_lT R_SEARCH iN_,l I'r_J_E

2 IITRI-C207-25



2000 A m whereas about 12 watts per square foot is radiated
between 2000 and 4000 A in the near-ultraviolet. Since the
development of stability to high-energy radiations is useless
unless stability to the more prevalent near-ultraviolet is
assured_ space-simulation efforts were confined to the near-
ultraviolet region from 2000 tO 4000 A at a vacuum in the
range of 10-7 torr.

The establishment of the exceptional stability of zinc

oxide and the development of semiorganic methyl silicone

polymers with stabilities comparable to those of the alkali

silicates emerge as the most rewarding aspects of the program.

liT RESEARCH INSTITUTE
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II. OPTICAL MEASUREMENTS

A_ Solar Absorptance

Solar absorptance was determlned indirectly by measure-
ment of spectral reflectance in the wavelength range of
0.3 to 2,7 _ (300 to 2700 m_) The reflectance data were
integrated wlth solar spectral energy data I for the upper
atmosphere to yield solar reflectance Subtraction of the
solar reflectance from unlty ylelded solar absorptance_
Comparison of t_ese solar spectral energy data with the
data of N1colet = showed that solaz aDsorptance agreed wlthin
0.005.

A General Electric recording spectrophotometer_ which

employs approximately normal lllumlnation and diffuse viewing

of a sample surface_ was used for the vlslble spectrum_

380 to 700 m_; and an integrating-sphere reflectometer of

our own design was used for both the ultraviolet and infrared

regions The latter ±ncozporates a Pe_kln-Elmer quartz

monochromator as a dlspezslng system along wlth appropriate

sources and detectors° Flgure I is a schematic diagram of

the optical arrangement of the inf_a_ed reflectometer_ For

the infrared region_ a ribbon-fllamentlncandescent lamp was

a satisfactory source and the aetectoz was a lead sulfide

photoconducnlve cell_ Foz the ult_avloietregion, a mercury

arc or hydzogen lamp was used as the source with a photo-

multiplier detector,

f ....

Figure i

INTEGRATING- SPHERE REFLECTOMETER

l"3mithsonlan _hyslcal Tables ' 9th ed

2Nicolet, M_ _ Chap XII ±n 'Soiaz Physics and the Atmosphere

of the Earth_" C S Whlte and O O. Benson,_ Jr, ed _ Univ,.

New Mexlco Press Albuquerque. i952
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Both reflectometers measure reflectance relative to a

standard., These are comparison instruments_ slnce the sample

and the standard are both in place at all timeso Magnesium

oxide was used as the standard, and the relatlve reflectance

data obtained were converted to the absolute basis by using

the absolute reflectance data of magnesium oxide published by

Middleton, 3 4 Reflectance data which are presented in the

tables are limited to values at 440- and 600-m_ wavelength°

Since it was not economical to provide solar absorptance

values during the extensive screening operations, for many

materials the effect of space simulatlon was evaluated in

terms of reflectance losses in the visible region This

method ls considered satlsfactory_ since the predominant

losses occur in the 400- to 600-mu wavelength region for most

white and transparent materials•

In many cases solar absorptance values are reported as

_i and _2,, where

'_ = Ul + _2

_i corresponds to that half of the su_ s energy spectrum which

lies be]ow 700-n_ wavelengths, and _2 corresponds to that half

which izes above 700 mu By splztting c_ Into two components_

that region of the spectrum undergolng the most significant

change In absorptance is more read31y described, For example q

some formulations show llttle change ]n solar absorptance on

irradiation,_ but their reflectance decreases in the visible

tregion (increase in _i) and ]s coun.erba, anced by a corre-

sponding increase at longer wavelengths {decrease in _2 ) ,_

B Total Normal Emittance

Total normal emlttance was measured wlth the equipment

shown in Figure 2_ Test samples add a ca]ibrated standard

were mounted vertically in a sample tray and heated in a

horizontal tubular furnace The sample tray was given a slow

reciprocating motion parallel to the axis of the furnace by

a mechanlsm not shown in the diagram The total sample travel

was about 14 inches_ which permitted five sam_-21es in the tray

to pass a viewing port_ to be viewed by a sultable detector_

twice per cycle The specimens were viewed through a

3Middleton_ W E. K _ Journal of the Optical Soclety of

America, Vol. 41 No, 6o 1951

4Middleton_ W E. K,._

America, Vol_ 43 No
Journal of the Optical Society

I_ 1953

of
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water-cooled cone) which was introduced with its nose close

to the test surface at the time measurements were being

made. The cone served as a radiation shield and prevented

radiant energy originating in the furnace walls from falling

on the test surface and subsequently being reflected to the

detector. Since the samples and the standard were heated

in the same furnace) this method avoided the dangers of

temperature errors associated with separately heated

samples and standards.

Comparison of signals from the samples and the calibrated

standard yielded the desired emittance values. The standards

used were Pyroceram 9606 and polycrystalline silicon carbide)

and they were calibrated against a carefully designed

blackbody cavity.

The method does not lend itself to emittance determinations

at room temperature) since the temperature of the specimen

being tested must be raised above that of the detector in

order to obtain a working signal. This is not a serious

limitation) however) since total emittance) in general_ is

a mild function of temperature. Total emittances determined

at approximately 200°F) which is adequate with the equipment

described) closely approximate room-temperature values.

This program was concerned more with determination of any

effects of space simulation upon the coatings than with

determination of the absolute emittance values per se.

liT RESEARCH INSTITUTE
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IIIo SPACE SIMULATION

A_ Vacuum Simulation

i. Oil-Diffuslon Pump

The vacuum of the space env±ronment is variously quoted

at 10 -9 to 10 -15 torr_ but the attainment of such pressures

in the laboratory is time-consuming and probably unnecessary

for the purposes of this work, At much highe_ pressures_
10 -6 torr_, there is no evidence of oxidative degradatlono

Also; the mean free path of evolved molecules is large com-
pared to the dimensions of the chamber so that further

reduction An pressure would not be expected to change the

results of space-slmulatlon tests The problem of oxygen
exclusion IS dlscussed An Section IX.

These principles guided the design of the space-simulation

chamber shown in Figure 3 which _as used in the early screen-

ing operatlons It consists of a cyi±ndrical chamber 24 inches

in diameter and 24 inches high cooled by refrigerant coils on

its outer surface and capped with a torlspherlcal head An

which three General Electrlc mercury-arc AH-6 lamps are mounted_

The distance from the lamps to the samples which are mounted

on a turntable beneath zhe lamps can be adjusted to achieve

variation of radiatlon intensity The radiation intensity

varies at different distances from the center of the turntable_

so various accelerat±on factors a_e posslble_ The constancy

of the radlatlon Is monitored by reflecting a portion from
a first-surface mirror _ mounted over the center of the

turntable,_ through a quarzz wlnaow on the head° The absolute

intensity is measured before and after each run by using a

wide-angle temperature-compensated zhefmoplle.

Several types of sample turntab±es are ava±labie,_ The

simplest is a 16-1nch flat piaze suitable for use when no

measurements are to be made in the chamber T?pically; this

was used when the reflect&v_ty of a number of materlals was to

be measured before and afzer irradidt±on: The turntaDie assu_es

that all samples receive equivalent exposures at a given radial

distance_ It is rotated by a i2-point Geneva drive and a 2-rpm

fractional horsepower motor in a welded housing which is open

to the atmosphere through ventpipes in order to eliminate the

problems assoclated with operating motors in a vacuum°

The chamber ks mounted on a ±0-±nch oil-diffusion pump_

National Research Corporation model H-i0-SP_ with an approximate

pumping speed of 4000 cfm at i0 -4 tozr In practice_ the pump

reaches 10 -6 tort routinely, and all uitravlolet _esting was

performed at thls level or below However, it became deslrable

lIT RESEARCH INSTITUIE
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to sacrifice both pumping speed and ultimate vacuum in favor

of more efflcient trapping of pump o11 In some of the early

experiments backstreaming was very high; oil condensed on the

cold-water jackets and photolyzed to a highly absorbent varnish
which attenuated much of the ultraviolet radlation from the

lamps. Deposition of varnish was greatly reduced by employing

a trap filled with a molecular sieve (Linde 13x) in series with

an optical trap refrigerated with liquld nitrogen

The samples were of many forms: pigmented and clear films_

free and on a substrate_ compacted and loose powders_ For

uncooled samples_ as used in this equipment the nomlnal

specimen temperatures were 150°F at an intensity of about

3 solar equlvalents_

A second chamber was constructed for the oil-diffuslon-

pumping station. It is a cylindrical chamber 24 inches in

diameter and employs a flat head with a quartz window mounted

in the center_ The AH-6 lamp is mounted externally to the

chamber in order to ellmlnate formaticn of varnish on the

lamp water-]acketo The samples are mounted on a water-cooled

table which can be adjusted in height The table is mapped

for different lamp-to-table distances and absolute intensity

is measured by a wide-angle thermop_e

Pertinent data for the two chambers are presented in

Table i. The Geneva-drive chamDer was used for general

screening tests A through F_ and _he chamber wlth the

externally mounted lamp was used fo[ _ests AA and BBo

Table i

PERTINENT DATA ON SPACE-SIMULATION TESTS

EMPLOYING THE OIL-DIFFUSiON PUMP

Avg.,

Solar Time ExposuL e.

Test Factor hr ___ESH ....... Inltiai
--5

A I J5 50 75 I x i0
-5

B 4 17 68 I x i0
-5

C 3 60 i80 ± x I0

D 3 67 20G 9 x 10 -6

-5
E 3 I00 300 i x ±0

-6
F 2 5-3 90 225-270 7 x i0

-6
AA 7-9 69 485-650 5 x ±0

BB 8-11 138 i140-1580 _ x 10 -6

Opel atlng Pr essure _
torts

Terminal

2 5 x 10 -6

-5
i x i0

-6
9 x I0

1 x 10 -6

2 x 10 -6

I 5 x 10 -6

4 5 x 10 -7

3 5 x i0 -7

liT RESEARCH INSTITUTE

±0 IITRI-C207-25



2. Ion Pump

An ion-pumped space-simulation chamber was constructed

and was used for longer-term tests. The system provides a

convenient means of obtalning a clean ultrahigh vacuum. The

chamber dimensions are given in Figure 4. The chamber is

provided with a quartz window and a liquid-cooled sample table.

The table, shown in Figure 5_ can be cooled with liquid

nltrogen, ice water_ or tap water and can accommodate six

!- x I__ specimens Tb._ _,-_+_ =_,-_ _ _,,_ _ _n_ia_

of a 400-1iters/sec Varian VacIon pump_ which is prepumped

with both a molecular-sieve sorption pump and a mechanical

pump° An AH-6 lamp is mounted over the quartz window_ which

is shown in place in Figure 6 Reproducible equivalent solar

factors_ as determined with a temperature-compensated thermopile_

were a_hieved from 4 to 18 intensities (2000 to 4000 A). A plot

of I/D _ (D _ distance from the lamp to the sample table) resulted

in a straight-line relation.

4.715 OD

4 in.

Hel larc

304 Stainless

steel

Heliarc

steel %ubi ncl

Flange

_

61n.

Figure 4

DIAGRAf.I OF ION-PU_[PED SPAC._.-SI_:ULATION CHAfIBER
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Pertinent data for the ion-pumped space-simulation tests

are presented in Table 2.

Table 2

PERTINENT DATA ON SPACE-SIMULATION TESTS

EMPLOYING THE ION PUMP

Test

Avg.

Solar Time_ Exposure_
Factor hr ESH

1 i0 45 450

2 i0 210 2100

3 8.7 195 1700

4 i0 120 1200

5 i0 313 3100

6 9 162 1460

7 17.6 191 3350

8 Test failed

9 10.7 158 1700

i0 21 25 525

ii ii 144 1600

12 13.6 41 555

13 10.7 297 3180

14 17.9 ig5 3300

15 9 185 1670

16 i0oi 183 IS50

17 10.2 168 1720

.18 10.2 156 1600

19 Iioi 90 i000

20 5.4 185 i000

21 9.5 189 1780

22 9 184 1650

23 10.6 392 4170

Operating Pressure_
torrs

Initial Terminal

3 x 10 -7 1 x 10 -8

5 x 10 -7 3 x 10 -8

5 x 10 -7 2 x 10 -8

5 x 10 -7 4 x 10 -8

5 x 10 -7 2 x 10 -8

3 x 10 -7 2 x 10 -8

5 x 10 -7 5 x 10 -8

5 x 10 -7 3 x 10 -8

2 x 10 -6 6 x 10 -7

5 x 10 -7 1 x 10 -7

2 x 10 -6 3 x 10 -7

1 x 10 -6 3 x 10 -8

3 x 10 -7 6 x 10 -8

5 x 10 -7 7 x 10 -9

8 x 10 -7 1 x 10 -8

8 x 10 -7 5 x 10 -9

3 x 10 -8

8 x 10 -7 5 x 10 -8

1 x 10 -6 3 x 10 -8

2 x 10 -7

3 x 10 -6 5 x 10 -8

5 x 10 -7 4 x 10 -8

liT RESEARCH INSTITUTE
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B. Solar Simulation

i. AH-6 Lamp

The solar spectrum is given in Fiqure 7. Also shown in

Figure 7 is the energy spectrum of a typical AH-6 lamp at

comparable total intensity. The wavelengths below 2000 A
contribute less than 0.1% of the total energy and so can be

disregarded without significant error. Wavelengths above

4000 A can be disreaarded because they are not sufficiently

energetic to break bonds_ although approximately 90% of the

energy is found at these longer wavelengths and the total

suitability of a coating for passive temperature control

depends to a great degree upon its reflectance in the visible

region of the spectrum. On the basis of these considerations_

the General Electric AH-6 lamp_ a quartz-jacketed water-cooled

high-pressure mercury arc_ was selected as the source for

ultraviolet radiation.

I0 3

<
u

w

,,_ . 10 Z

U

lo 1
u

'-' 0 0

U

AH-6 Spectrum

Solar Spectrum

-I
I0

ZOO0

i I I

Z500 3000 3500

Wavelength, A

4000

Figure 7

CO_Ph.RISON OF THE SOLAR SPECTRUM

WITH THE SPECTRUM OF AN A}{-6 LA/%P
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2,_ Measurement of Lamp Intensin_ and Solar Factor

The total lamp intensl%y was measured wlth a wide-angle_
temperature-conpensated thermcpile cbtained from the Eppley
Laboratories Inc The thermopiie, _hown in Figure 8_ has
a constant of 6o9S millivolts/cal/cmZ/mino From the thermopile
output_ the sola_ factor was calculated as follows°

thermo_&ie out_u_ tmii!ivoi[s_
2 x thermoplie constant

= ca!/cm2/min

The thermoplle outpu_ was dlvided by 2_ since half of the
total energy of the lamp is assumed to be below 4000 A_ The
solar intenslty at wavelengths below 4000 A has been determined
to be 13 milllwatts/cm 2 Cal/cm2/min was converted to

mllliwatts/cm 2 Dy applylng several conversion factors. By

dividing this value by 'one '_ solaz factor of 13 milliwatts/cm2_

the numbez o_ ' suns ' or _he equivalent solar factor: for a

given thermopile output was oDtained Solar factors were

determined for varlous lamp-to-sample dlstances in the ion-

pumped chamber:

3olaf Facto_,

Distance f[om

Lamp to Sample
_nches

5_2 9-00

6:1 6 40

i0 3 5 40

12,2 4 75

13 2 4 33

15 9 400

The AH-6 lamp ±s posut±oned ove_ the samples at a

distance cor_espondlng to the solar factor desired° A small

recording thermoplle _s pcslt_oned ove[ the lamp and is used

to monitor changes ±n the iamp ±ntens±ty over periods of tlme-

This informatlon _s valuaDle in asslgn±ng an equlvalent sun-

hour radlation value to a glven s,_-:ce-s±mulatlon experiment.

ll'r RESEARCH _NSTITUTE
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3_ L_mp Deqradation

Assessment of the damage caused by space-simulation tests

could be in error if the spectral output of the ultraviolet

source were reduced disproportlonately i.e. , if the radiation

below about 2800 A decreased with lamp age at a higher rate

than the longer-wavelength ultraviolet Therefore_ attempts

were made to measure the spectral output of severai AH-6 lamps

before and after operation, A Seya-Namioka vacuum-ultraviolet
• f d ......... _ _ _ ....

The results were inconclusive There appeared to be a

disproportionate decrease in peak intensity at 2285 and 2535 A.

The decrease_ if interpreted properly_ amounted to 20% No

such trend was discerned for the lower-wavelength continuum.

It was therefore concluded that calculatlons of exposure

(equivalent sun-hours) on the basls of the overall drop in

lamp intensity during a given test were reasonably accurate

and meaningful°

The criteria for changing lamps were either a 30% decrease

in the overall lamp intenslty_ as measured with the recording

thermopile} or the incipient e_rat±c behavior of a lamp_

whichever occurred flrst_ By these c1._t_a the average

lifetime was 80 to I00 hours of cont_-,,_'._u_ operation° Some

lamps maintained constant behavior at above 70_ of their

in_tlai intensity for as long as 200 hours Others began to

flicker wlthin two or three hours and had _o be replaced_

4. Transmission Losses Due to Varnlsh Formation

In some of the early experlments wlth the oll-dlffusion-

pumped system; backstreaming was very high The backstreamed
oil that condensed on the cold-wateL 3ackets of the internally

mounted AH-6 lamps photolyzed to an ult[av±olet-absorbing

varnish which reduced the total radiation by 20% in 50 hours.

Most of the loss was concentrated in the imporrant_ short

wavelengths_ Typlcal data for spectral output of the lamps

before and after depositicn of thls varnish are shown in

Figure 90 _le bulk of thls loss In output was eliminated

by the use of a chamber wlth exte_naiiy mounted lamps.

Varnish also formed on the quartz w.Lndow in the ion-pumped

space-slmulation chamber The varnish was removed after each

test by heating the window in boiling chromic acid_ The effect

of varnish upon the transmlttance of the quaztzwindow is presented

in Figure I0o The upper curve shows the transmlttance of a clean

window_ and the bottom curve shows the transmittance after several

of the early tests In whlch the Ion pump was first used° The

middle curve is the transmittance after one run only_ In the

final procedure adopted_ the transmlttance of the quartz window

was measured in each test both before and after _ cleaning_ No

permanent effect d_Tt_E_ adlatlOnRCHINZTl_%_EnOted

i7 IITRI-C207-25
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IV. PI GMZNT 3CREENING

A. Preparation of Samples

Theprerequ±sites for selection of plgments were that they

be white and of high refractive index and purity° The most

important factor in the choice of materiais_ i.e, 9 stability

to the space environment_ was determined by screening tests
and from iimlted information in the iiterature_ The search

for pigment materials was a contlnuous activity durlng thls

program,,

For preliminary screening tests_ the samples were prepared

as compacted powders that were suitable for both solar-simulation

exposure and optical measurements° The candidate powder was

poured into a copper ring_ l-i/2-inch ID_ placed on a vellum-

covered steel plate° A steel disk of l-i/2-inch diameter was

fitted into the ring_ covering the pigment,, Applying a pressure

of 102000 psi on the disk resulted In the finished specimen

illustrated in Figure ii° No binders or lubricants were used_
titus avoiding possible effects of foreign materials° Powders

which were not compactable into a cchesx_e body were placed

in aluminum dishes for solar exposure, This procedure precluded

optical measurements and permitted only visual observation of

color change_

_/? " , / , / I_l___

/ Steel d_.s_[ , / '....

/.._/....../ _ / - Copper rmng

_/ ' - t ' ' _ • s'l • r

' ' ] F±gment,,
l

s ,

..... Exposed face for irradiatzon

and optical measurements

Figure Ii

PIGMENT SAMPLE

B. Irradiatlon

Most of the plgments were exposed to ultraviolet irradiation

in vacuum in the oil-diffuslon-pumped system with the internally

mounted lamps_ Two exceptlons were Rokide A (alumina) and

AISiMag 243 (forsterite) , which were tested in the system with

the externally mounted lamp, Zinc oxide powders were exposed

to more than i000 ESH in the ion-pumped system

liT RESEARCH INSTITUTE
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C_ Results

I General

Considerable coloration occurred in most of the pigments_

as shown in Table 3o Representative reflectance values are

given for two wavelengths in the visible spectrum_ 440 and

600 m_ For most of the early screening work_ reflectance

curves in the visible _pectrum were sufflcient to suggest

or preclude additional study_

In general_ natur_ mined minerals were less affected

by ultraviolet irradiation in vacuum than synthetic laboratory

chemicals: Exceptions were zinc compounds and tin oxide_

For exampie_ natural wollastonite was superlor to synthetic

calcium silicate. Calcination of hydrated materials to their

anhydrous forms enhanced stability_ as evidenced by the kaolins

and talc Calcination at 1000°C for 16 hours cf alumina;

zirconia i and zircon; howeverj had iitrle effect on the£r

stabillty_ Apparently any loss of ad_,:;_Oe_ o_ absorbed water

and the possible strain relief gained by thermal treatment

did not change the degradation characteristics of these materials.

A marked difference in stability was apparent among different

crystal forms of the same material Metastable gamma alumina

and cublc [unstablllzed) zirconia degraded much mote severely

than their stable counterparts; alpha alumina and monocllnlc

zirconla. Materials other than zinc oxide which were fairly

stable were zinc sulfide_ stannic oxzde diatomaceous earth

(amorphous silica) j and fired kaciin [muiiite plus amo/phous

silica) , Although AiSiMag 243 (forsterite) a_so exhibited

good stability_ its low initial reflectance prec±uded further

study

Changes in reflectance curves in the visible spectrum

for pigments ranging from excellent (zinc oxide) to poor

(antimony oxide) are presented in F;j,resl2 through i5 For

practically all materials the reflectance losses wet_e smallest

at the longer wavelengths and increasingly g_eater at the

shorter wavelengths.
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2o Zinc Oxid_e

The properties of the zinc oxlde powders investigated

appear in Table 4o

Tabl e 4

PROPERTIES OF ZINC OXIDE PIC_[ENTS INVESTIGATED

Manufacturer s

Desiqnation

Purity_

Supplier %

SP 500 New Jersey Zinc 99°90

USP 12 New Jersey Zinc 99_80

XX 504 New Jersey Zinc 99 60

XX 254 New Jersey Zinc 99_60

AZO-33 American Zinc 99-20

AZO-55LO American Zinc 99°20

AZO-66 American Zmnc 99.80

E-P 414 Eagle-Picher 99 40

E-P 730 Eagle-Picher 99,50

, Mean
Particle

Size_ _

0°25-0.35

0 °30

15

i_5

0 °20

O. 40

0 20

1.0

54

Remarks

Pelleted

Acicular

Low oil

absorption

Manufacturer's information

The data in Table 5 show that zinc oxide was clearly the

most stable pigment studied_ rivaled only by zinc sulfide,

tin oxide_ and possibly diatomaceous earth (Table 3) _ The
limited number of short-term tests of zinc oxides of different

grades did not reveal any significant effects due to purity_

Long-term tests at 1670 and 1720 ESH revealed a surprisingly

high absorptance change in SP 500 zinc oxide° Good stability

was exhibited in the same tests by calcined SP 500 and also

by the unfired and flred forms of AZO-55LO zinc oxide_

Flgure 16 illustrates the change in solar absorptance of

calcine_ SP 500. The value of calclnation of zinc oxide pigments

is threefold: stability to simulated space is improvedq initial

absorptance is lowered_ and physical properties are improved.

Improvement of stabillty_, observed in SP 500 and AZO-55LO_ may

be due to both the smaller surface area of the larger calcined

particles and the elimination of defects and may also be due in

part to volatilization of contamlnants Lowering of the inltial

absorptance results malnly from reflectance increases in the

infrared region; these increases may be due to enhanced scattering

liT RESEARCH iNSTITUTE
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at the longer wavelengths by the larger particles. Better
mechanical propertiesare a result of the lower liquid (diluent
or vehicle or both) requirements in the formulation due to
the smaller surface area of the larger particles.

Investigation of zinc oxide powders_ complemented by
paint studies (Sections V and VI) showed that SP 500 calcined
at 700°C for 16 hours was the most satisfactory pigment for
use in silicate-bonded thermal-control coatings. Although
other grades of zinc oxide exhibited optical and physical
properties approaching those of SP 500_ more consistent
performance can probably be expected from SP 500 because of
more stringent manufacturing control°

ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY
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Vo SCREENING OF INORGANIC PAINTS

A _ Binder s

Water-based inorganic binders which were investigated

were_ a 50% solution of mon0aluminum dihydrogen phosphate

obtained from Victor Chemical (designated AP in the tables) _
Ludox _^__" SII ca _ ____ i _ from _ Pon_ and the alkali silicates
listed in Table 6..

Table 6

PROPERTIES OF ALKALI SILICATE BINDERS INVESTIGATED

Manufacturer's

Desi__qnat ion

PS7

Kasil i

S-35

N-silicate

SUpplier

Sylvania 35 0

Philadelphia Quartz 29,i

Philadelphia Quartz 32,1

Philadelphia Quartz 37,6

Solution
Mol Ratio

Conc.

M20:SIO 2

K20_3,30 SiO 2

K20:3_,92 SiO 2

Na20:3_87 SiO 2

Na20:3_22 SiO 2

Samples of PS7 a±umlnum phosphate_ and coiioidal silica

were prepared as powders by evaporating to dryness and calclning

at 800°C. Samples for exposure to ditzaviolet radlation In

vacuum were prepared by employing the same compacting technique

used for pigments_ The silica., however could not be compacted_
so it was irradiated as a loose powder, Reflectance losses of

5°5 and 1,5% for the silicate and 21.0 and 11,_5% for the

phosphate occurred at 440 and 600 m_ after 75 ESH at an

intensity of 1,5 suns., The colloidal slilca was visually

observed to yellow consideraDly in this same uest_

A second and perhaps more valid method o_ studying the

stability of the binders was by their incorporation into paints

which were subjected to a simulated space environment. The

results for zirconla-pigmented paints C45 to C49_ in Table 9_

show the inferior stabliity of col±oidai silica-bonded coatings°

Phosphate-bonded paints generaily exhibited optlcal property

changes similar to those of silicate-bonded samples_ No

significant effect on stability of zinc oxide paints was noted

through the use of different alkali s_licates as shown by
samples ZI3 to ZI5 in Table i0.

1IT RESEARCH iNSTITUTE
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As a group_ the alkali sli±catee were preteraDle to the
colloida_ siilcas from the standpolnt o_ Doth etabii_t¥ and
physical properties. The a_kai_ s_xacates _ere also preferable
to aiumlnum phosphate because its ac_dlty necessitates the
use of protectlve primers on metals ana because iow-tempe_:ature-
cured phosphate coatings are sensJt±ve to moisture Potasslum
silicate was preferable to sodlum silicate because It ±s less
likely to develop carDonate efflo_escen<_:-: 5 The tina_ choice

of _$7 potasslum S±llcate was dictated by _t_ h_gher purity

and bet[er physical prope[tles in compa, _son with the other
alkali silicates

B, Faints

_il paint formulatlons contained three Ingredients;

pigment, binder_ and enough water to achieve a sprayable

cons±stency. Maxlm_zation of the p_gment/blndez ratio (PBR)

was deE±ned Dy physlcal propert±es The methods used eaz±y

in the prog_am for preparation c_ the t_;muLat,_ons _efe eLther

mixing the constituents Dy a como_r:_t.O/, Of gL_nding and

mixing action In an agate mortar anq pestle oz hand-shaking

the compos:tion containing a _ew pcrce:a_n Dal_S Tne c_a_s_cai

procedure for pairlt prepa_at±on L e Dai___;u_li,.ng was used

during the buik of the program

Spray-painting was done w_th a Paa_cne t%pe AUTF a_brush,

limited brush-pa±n%lng was done wltb t_r, venr_c.na_ camel-.ha_

brushes Aluminum pieces _e_e g£_t b_as_ed w.,_T_h 40-,nesF.

silicon ca_Dlde prior to paint app_qat_cn tt picmote ac/h6s_un

The thickness of the paint was cons_dezed satisfactory when

the suDstrate was adequately covezeo 3..nce n_d±ng powde_ _s

a function of p±gment/b±nder rat._o, part,tie s_ze and

refractive Ind_ces the thicknesses vd_:_ed w_th the p_gments
used .

The majority of the paints weze _[adlated _n the c_l.-

dlffuslon-pumped system with the Inte_neiiy mounted lamps_

A few of the more prom_s±ng composlt/ons were suDjected to

longer- tests of 450 and 2100 ESH _n the [cn pumpeO chamber:

C7 and C17 in Table 7 C42 _n Table 8 and C55 _r, TaDie 9

Test results to_ a _ariety o_ paints appear _n TaD±e 7

In thls group_ tin oxide-- and zinc sulfide-pigmented coatings

were the only materials which exh_Dited stabxlity approach±ng

that of zinc oxide paints Howeve_ Doth ccmposlt[ons had a

5Vail, J G_ ' SoiuDie S_l_cates ' _e_nh_d Puo_sD_ng Ccrp

New York Vol II p 23i i952
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highe_ solar absorptance than z_n¢ oxide paints Also ;

dlfflcuitles were encountered in achieving coatings of good

physicai p_operties These d_awbacks suggested that tin

oxide and zinc sulfide be _eiegated %c backup pigments_

Solar aDso_ptance cuz_es tot [hese pa_n[.s and for a degradable

system_ magnesium silicate-PS7 potassium sli_cate_ appear in

Figures 17 18j and 19,.

Diatomaceous earth and f_Led kao_in weze _eiatlvely

stable in _he pigmenn =,.:t_en_ng _nuu±_-_- Op_ica± u=_ _

paints _ncorpozating these p_g_nents are taDuianed ±n Table

8._ Diatomaceous earths from two suppliers were used: D_caiites

from G_eat Lakes Cazbon and Ceiiies _zom Johns-Mansville.

These s±i±ca products na%_e a io_ _ef_actlve _ndex {i 46) and

are widely used An the pa±nt ±naust_y as exr.ender p±gments.

Thelr use as prime pigments in the alkali slllcate systems

required very thick coatlngs_ _n excess of ±0 m±Is, to achieve

opaclt¥_ Due to the h_Lgh _urface _ea and the Low bulk denslty

of the diatomaceous earth p_gments co_.___us amounts of

water were necessary fo_ _oi[_u±ar_if_(_ sp_ayaDxe cons[stencies_

The low solids conten_ of the compoai[icns as seen ±n TaDle 8_

attest, to thls parn±cxe shape phenu,nenon ot diatomaceous earths,.

Poor stability was exhibited D¥ the paints ±nco,p,_lat;ng this

form of sliica_ In conn_a_t [c the ta_craD_e data tot the

pigment, alone_ _et_ecr.ar_,.<e change5 ul a _epresentat_ve paint

are liius_fated in F_guze 20 _ne pcc,: physica± p_opezt_es

also suggested el£mlnat_on ct tDese _0atel±als Zzom extensive

study

MoiochLte is a hlg_,±y calc_nea a_um_n_m s_i±cate produced
from a kaolin iow ,n i_on ane a_Kai. ['c _s eseent_a±i¥

crystalline mull±to plus a _mex_ _mount o_ amorphous s_ilca

Fa_riy Low reflectance (.hanges due _o u±tnav_oxen i_zadlat_on

in vacuum were obseIved to_ the vai_cub g_ades of Moxochite,

The #6_ whlch is a coarse_ g_ade than Supe_f'_ne <SF) exhibited

the best stability Figuze 21 shows _he :efiectdnce'curve for

a ##6 paint_ Since more extensive g_±nd_ng would De ne(essary

to obtain the fine_" mate[iai g_reate_ quantities or gz_ndlng

impurities may exist ±n the SF A.c_d ±each&ng of #6 appeared

benefic.la± to its s_abl_x[_y Home,e: the iong-te[m test

(2100 ESH) produced a fair amoun% cr 6eg_ada_on in _he paint

pigmented wlth thls m_te: _I

Table 9 contains data on p_int pigmented w±Lh z_rconium

compounds_ Although the reflectance changes _n the short test

(75 ESH) indicated fai_ staDillty, rarer exper£ments revealed

that zl_con_a-plgmented pa.nts were un_a-_-_sfactory Limited

tests showed that coatings incorporating z_[c.on _eze reiatlvely

unstable_ as illust_ated graphically _n _gure 22

Of the non-zinc oxide paints c_n_y three compositions were

relatively stable _ those cc.nta_nlng z_nc suit_de s[ann_.c ox'_de_

or Molochite #6
lit RESEARCH iNSTiTU1E
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VI,.. ZINC OXIDE-DI_ENTED A_LKALI_SIL_ICATE PAINTS

A_ Pr eDaration .of'_Ma_te.[ila__s

io Formulation

The zinc ox±de-pigmented silicate palnts were formulated

by bali-miiilng w.th porcelain balls a_ about 70% critical

speed for 6 to 24 hours, The volume rat±o of balls to material

was maintained at i._3 w_th a totai charge of less than 50%_

Increasing the bali charge produced a sprayable consistency

in a shorter ml_ilng time, However _atlos of i=l and 2_i

yielded coatings w._th iowe_ _ef±ec,tance, decreases of 2 and 6%_

respectively occurred at 440 mu This _ncrease in absorptance

is attrl_uted to mechanical dlsto[tion of the zinc oxlde crystal
lattice

Thus _t is apparent tnac keeping the bali charge to a

minimum and obtaining more ot a mlxing _ather than a grinding

action xs necessaLy for m_nlmum abs_tance The ratio of

1:3 with a total m±±i±ng tame of about 6 hours yfeids good

mixing and sprayablii_y compas_oie _th desirable optical

properties for the tln_sne_ co_ting

2 = Ap_pl __gat_A_r 3

Paints were app±zea on s_Lstrates Dy sp[aylng with a

Paasche type AUTF thumO, ac_:_cn =._miush T%,pe 606i-T6

aluminum paneis _.he mate_ia_ generai_y used for substrates_

were abraded w:tb No, 60 _ox.,te metal cloth and thoroughly

cleaned wlth dete:gent and water< A gas pzessure of 30 psi

was found to be mo_ s_i_ahle A cy_ndez of dzy compressed

air or p_-epur±f_ed n:[_ogen was used

The application rechn_que _h_cn y.eided the best

texture and superior pby'_caL propezt,es of the coatlng

was: spraying at a distance of b to _2 .inches unt±i a

reflection due co the i_q,_d was apparent followed Dy alr-

drying until the gloss was practically gone,, and then repeating

the spraying-drying eyrie _ *.n:ckness of aDCUt I m_l was

achieved pe_ cycle, Ccat.ng Q_mensxons can therefore be applied

predlctaD._y Howeve_ na_d sp_a_.[ng _s _nhezentiy an art and

not a science, and expef.ence must De qazned by the individual

painter to detezm_ne the most satisfaczory technique for him°

6Mro Harvey Brown Ne_ Je_,sey ZXnc Co Prl_ate communicationo

,;'_ _ESE_CH tNSTITUTE

47 IITRI-C207-25 .',



/ :_ _--\- "/

3. Curinq

Curing techniques were dictated by the temperature

limitation of 300°F (150oC)) as stated in the Introduction.

Samples were cured by air-drying or by heating at 280°F for

18 hours after a 24-hour air-drying. Curing under controlled

atmospheres such as carbon dioxide and water or carbon dioxide-

free air are described later in this section.

zinc oxide revealed that essentially all of the water loss

occurred within lhourafter spraying. Samples heat-cured at

280°F after a 100-hour air-drying displayed an average weight
loss of 0.7 £ 0.1% 24 hours after the heat treatment. Stabil-

ity and the physical properties investigated indicated that

the advantages of a heat cure over air-drying are modest.

4. Summary

In all steps of preparation of materials_ adequate pre-
cautions should be taken to ensure cleanliness and freedom

from contamination. The presence of impurities can greatly

affect the stability of paints to a solar-space environment.

Detailed information appears later in this report.

B. Determination of Physical Properties

I. Density

A study of weight versus thickness in potasslum silicate

coatings pigmented with calcined SP 500 (PBR = _.30) showed

the density to be 2.10 • 0.2 g/cc. Based on a theoretical

density of 5.23 g/cc) the porosity of the average coating

is about 60%. Such a high void content probably increases

reflectance) yielding lower solar absorptance_ but the soiling

tendency is also heightened. The weight of a 5-mil coating

should be approximately 0.170 g/square inch.

2. Thermal Shock

Initial thermal-shock tests for the various paints involved

elaborate methods for monitoring temperature and mounting

samples in order to meet the requirements of the contract;

i.e.) the coating must withstand a change of 50°F per minute

between 200 and -100°F. A simpler method was devised for

more rapid testing of the majority of samples. It consisted

of dropping the coating specimen directly into liquid nitrogen

contained in a Dewar flask, Cessation of bubbling in about

20 seconds indicated that the specimen had cooled to -320°F.

The sample was then removed and placed in an oven at 200°F0

liT RESEARCH INSTITUTE
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a temperature which the sample attained in about 4 mlnutes_

Since most materials passed this more severe test the pro-

grammed temperature cycling was not required The severity

as well as the simplicity of this test rende[ed It adequate

for determining thermal-shock resistance

All silicate-bonded zinc oxide coatlnjsof 6 mils or less

and also some thin zirconia coatings successfully withstood

]0 cycles of the thermal-shock test No damage to any of the

silicate-bonded palnts was evldent after immersion in I _"'_

nitrogen and removal to room temperature However _ the heating

cycle to 200°F cracked some of the thicker coatlngs_ Experi-

mentation showed that thick paints which had not been cooled

initially also cracked when heated_ When the coated sample

is rapidly cooled_ the coatlng undergoes compression, and

when heated_ tensile strains prevail For brittle ceramic

materlals such as the sillcate coatlngs the compressive

strength is about ten tlmes the tenslle This may explain

the stability to a decrease and not to an increase, since

the aluminum substrates used have a hlgher theLmal expansion

than the ceramic coat±ngs

3. Torsion

The torsion apparatus 111ustrated in Figure 23 was used

to study adhesion of palnts to substrates One end of a

i- x 3-inch sample was held r±gld whlle the othe_ end was

rotated through the longitudlnal axls at a speed of approximately

1 _ per second_ Shear failure in to[sion usually occurreC _,ith

initial separation from the substrates at polnts A and B

(see Figure 24). Subsequent failu£e along the dotted

diagonal llne resulted almost immediately except in a few

cases_ It is posslble that the grips holdlng the sample in

place at the ends may contrlbute addxnional stress which would

not exist in pure torsion_ The conditlon of loading In pure

torslon implies that the end sectlons of the bar are free to

warp_ since there are no constralnlng forces to hold them

in thelr respective planes. 7 Thus the a_gle-at-fallure

reported for various samples in torsion may actually be

lower than the true value,

Torsional stress resistance as a function of thickness

in sillcate-bonded zlnc oxide coatlngs is illustrated graph-

ically in Figure 25 The results fo_ _erles i 2 and 3
indicate that thermal shock had no deieterious effect on

adhesion_ No significant difference In angle-at-fallure

was evldent for heat-cured versus air-drled samples (Series 1

7Roark. R "J.. "Formulas for 3tress and 3train!' McGraw-Hlll

Book Co°_ 1954
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Figure 23 

TORSION TEST APPARATUS 

Rigid 

Figure 24 

TORSIONAL FAILURE 
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and 2) _ The values for coatings pigmented wlth zinc oxides

such as AZO-55LO_ E-P 730_ E-P 414_ and XX 254 were slmilar

to those for SP 500-pigmented palnts_ Serles 3 represents

samples of a higher PBR_ 5,31_ prepared fairly recently,

Coatings of the most recent vintage are show as Series 4.

As Figure 25 reveals_ the curve for this last series is

displaced upwards, indicating improved torsional stress

resistance, This improvement in physical properties is

attributed to refinements in spraying technique.

Torsional stress reslstance of all silicate-bonded

zinc oxide coatings appears to be prlmarily a function of

thickness° As in the thermal-shock tests_ the samples all
survived a stress condition much more severe than that

expected in actual practice

4_ Fatique

A test method which may more closely simulate actual

launch and flight conditions conslsts of sub]ecting a sample

first to fatigue and then to thermal shocking The fatigue

machine r_pidly vibrated one end of a I- x 3-inch coated

specimen while the other end was held rlgid The distance

of travel of the free end (0 01 ±nch) was determined from

the formula for end-loadlng of a cantilever:

p L 3
d -

3 E I

where _ is load_ L is !ength_ E is modulus of elasticlty_ and I
is moment of inertia_ The use of a strain value of 1500 x 10 -6

inches/inch (75% of the yield strength of aluminum) in the

calculation precluded plastlc defoLmatlon of the aluminum

Various samples were sub]ected to over i0_000 cycles

in a 6-minute period (1725 cycles/minute) They were then

thermally shocked for i0 cycles by immerslon in liquld nitrogen

followed by rapid heating to 200°F_ None of the zinc oxide-

silicate specimens were visibly affected by thls combination

of physical and thermal stresses

5_ Abrasion

The abrasion resistance of paints incorporating various

zinc oxides was tested with a Taber Abraser Results showed

that hardness of SP 500 coatings was improved by precalcination

of the pigment_ by decreaslng the PBR or by heat curing°

Although zinc oxide coatlngs are relatively soft_ thls very

softness may be advantageous because stripping by abrasion

would not be difficult should repalnting De necessary

liT RESEARCH iNSTITUTE
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One of the many capabilities which the thermal-control

paints must possess is the ability to take the shearing

stresses of mechanical fastening (e.g._ bolts_ screws_ etc.).

A i- x 3-inch aluminum panel with two I/4-inch holes was

painted with a calcined SP 500 zinc oxide-PS7 potassium

silicate paint. After a 3-day air cure_ bolts were screwed

tightly to the painted surface_ and the nuts were placed on

the opposite side. Releasing of the bolts did not crack or

chip the coating_ as observed under 10x magnification. The

the surfaces; this compaction_ plus some transfer of metal

from the bolt to the coating_ were the only effects observed.

6. Effect of Substrate Material

Spacecraft thermal control may require coatings for

surfaces other than aluminum_ such as polished gold_ Dow #7

conversion-coated magnesium_ and fiber glass. Satisfactory

adhesion on 6061 T6 aluminum was achieved by abrading the

metal with #60 Aloxite cloth. Abrasion of gold with #240

paper and fiber glass with #60 cloth resulted in limited

adhesion on the former and good adhesion on the latter with

a calcined SP 500-potassium silicate paint. Dow #7 required

no surface preparation other than washing for satisfactory

adhesion. Buildup of a coating in excess of 4 mils on abraded

gold resulted in cracked_ nonadherent films. Although cracking

sometimes occurred in coatings over 7 mils thick on aluminum?

the coating still adhered to the substrate.

Samples of coatings applied to the various substrates_

with the exception of gold_ were subjected to fatigue_ thermal

shock_ and torsion. No significant effect due to substrate

material was revealed. Resistance to these physical stresses

of coatings applied on Dow #7 and on fiber glass was equally

as good as coatings applied on aluminum.

7. Summary

The various physical tests indicate that with proper

care in application_ satisfactory properties can be expected

from zinc oxide-silicate coatings on aluminum_ Dow #7_ and

fiber glass. Although these properties can be optimized by

using thinner coatings_ optical requirements demand coatings of

at least 4 mils. It is recommended that coatings in excess

of 6 mils be avoided to preclude possible cracking and sig-

nificant losses in mechanical properties.

liT RESEARCH INSTITUTE
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C Determination of Optical Propertles

l_ Effect of Coatinq Thickness

Studies were conducted to determine the effect of coating

thickness on solar absorptance and emittance, Figure 26 graph-

ically 111ustrates the solar absorptances of SP 500 zinc

oxide-PS7 potassium silicate coatlngs which had a PBK of 4_30

and a soilds content of _o_ _o_°_ _,_ _ rev_]_ ....._hat minimum

solar absorptance was obtained with a coating thickness of

about 5 mils Approximately the same thickness was necessary

for minimum solar absorptance of coatings plgmented with

calcined SP 500 (Figure 27) _ The randomness of points in

Figures 26 and 27 can be attributed to slight variations in

the hand-spraying technique, which could introduce minor

dissimilarities in surface pigment concentration_ porosity_

and other factors Another possible source of error is

micrometer measurement of thickness.,

Figures 26 and 27 show that minmmal solar absorptance is

approached at a thickness of 4 mils The predictability of

the solar absorptance of a coating thicker than 4 mils is

0 01o For satisfactory physical properties_ coatings of

6 mils or less are desirable° The working range therefore

should be between 4 and 6 mils_ which can be readily obtained

by a sprayer after some experlmentation_ Spectral solar

absorptance curves for coatings of various thicknesses are

presented in Figure 28

Total normal emittance is relatlvely insensltive to

coating thlckness Ten samples which range from 1 to 5

mils exhibited eDittance values of 0,_94 to 0,98, Thus the

deciding criteria for thickness requirements is the solar

absorptance desired.

2o Effect of Zinc Oxlde Calclnation

Zinc oxide powders were calcined at various temperatures

to determine what heat treatmert would yield a material of

improved physical properties with the same optical properties

as those of the uncalcined powder, The reflectances of paints

incorporating calcined SP 500 show that temperatures higher

than 750oC produced a permanent color change (see Table 11. ) _

On this basis_ 700cC was determined as a suitable calcination

temperature for SP 500 zinc oxide_

liT RESEARCH INSTITUTE

54 II_I-C207-25



r

0.24

0.22

U 0.20

m

_L

O
0.18

<

m 0.i6

0.14

I | I I I I I

\
\

\
\

\
\
\
\

- \
ok

\ •

• k
• \

\
k

\
\

• •

I I I I I I /
2 3 4 5 6 7

Thickness, mils

Fi.:,ur e _,

SOL_ ABSORPTANCE VERSUS THICV_,_ ,_ I[._ Z_i_'"' _'"- >. " "'_ -':_""- _ ....

o
c
m

o
u)

,--4
0

_' .22

0.20

0.18

0.16

0.14

I I I I I 1 I

\
\

o k •
\

\

\

I I I I I I

3 4 5 6 7 8

Thickness_ mils

Figure 27

SOLAR ABSORPTANCZ V£R_US TI:ICl<[,]ES3

IN ZINC OXIDS (CALCIN_D)-_S7 COATING3

55 I ....."'' _ ....... ' "



D

D

Sy

I
,b

I

I

i

0 0 0 0 0 0

0 0"_ fO _- _D

% _ouP_oOljoH

¢-

0

0
rfl 0

t_

uE
.r't

0

oo...

00000

IIi

!l +,

I I I"
!l-._ rI
: I I

oom_
0ool6

o
t,l

o

o

¢,I

i
*_ o0

"q *,-I

o

0

¢'I

0 o

tO

t_

D
I-t

_D
OZ
I.-._ H

0
D

Ot_
_m

rJ? i

_Z
D_

M

_D

r..) r._
al a
_ H

a_
r..)

N

D_
m©

cn

0
m

56 IITRI-C207-25 ;_ :..



nt Stabilitc f to a Simulated Space Environment

I. Preliminary Studies

In all the early studies zinc cxide paints were clearly

more stable than other inorganic coatings< Results of the

early tests in the oil-diffusion-pumped system are tabulated

in Table I0 Very small Leflectance losses_ mainly in the

440-m_ region of the visible spectrum were experienced by

Various effects were investigated in these short-term

preliminary runs° The use of different alkali silicate binders

or grades of zinc oxide (ZI3 through Z20) did not affect

stability_ Lowering of the PBR to 2o13 (Z9) did not affect

degradation_ The strong increase in initial solar absorptance_

however_ suggested the use of a higher PBRo The stability of

paints applied by brush-painting (Z3 and Z8) was comparable to

that of sprayed coatings Use of an ove_layer of PS7 vehicle_

intended as a washable coating (Z22) was not detrimental to

stability° Physical failure of th_s topcoat after washing_

however, precluded furthe_ study of this composite coating.

Total normal emittance values were determined for some

of the coatings before and after space simulation, The high

values_ all in excess cf 0_90, were virtually unaffected._

2o Effect of Soilinq_.and_Cleaning

A number of silicate-bonded zinc oxide coatings were

deliberately soiled by l_ne_sion in D_o Seal vacuum-pump oil_

This simulates one of the soiling problems which can be

expected to occur in satelllte evaluation tests_ After

removal from the oil, the samples were exposed to ambient

conditions for 5 hours. The excess oil was then removed with

paper towelling,. Two cleaning operations followed_ the first

consisting of wiping with acetone-soaked paper towels and the

second consisting of washlng with Aiconox--tap water and

scouring with a nylon bLush., Final rinslng with distilled

water preceded drying under an aiz Dlast and complete drying

at 130°C_ Moderate ca, e in all the operatLons prevented

any apparent damage to the coatings The samples were exposed

to ultraviolet irradlatlon In the oil-diffusion-pumped vacuum

system°

As shown in Table ll_ a sllght decrease in reilectance

resulted for most of the soiled and cleaned (S-W) samples,_

Exceptions to this were some samples of initial reflectance

lower than 80% at 440 m_; these coatlngs exhibited a slight

increase in reflectance. Upon exposure to the simulated space

environment many of the samples whlch suffered losses on

111 RESEARCH iNSTITUTE
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washing bleached silghtiy_ On the other hand_ coatlngs which

showed an increased reflectance on washing revealed slight

losses after exposure to the simulated space environment°

In all cases the washing appeared to have adequately removed

any degradable zesldual oll

3. Lon_-Term Tests

The longer-term tests were conducted in the ion-pumped

vacuum system with an exter-nai]y mounted ultraviolet lamp.

Exposures of 450 to 4170 ESH at solar factors ranging from

8 to 18 suns were used_ The iimlted capacity of the water-

cooled shelf in the chamber dictated sample geometries of

1 inch square for maximum use,

Preliminary Tests, More slgniflcant optical changes in

the zinc oxide compositions became apparent in the longer
tests_ The data tabulated in Table 12 reveal the effects

of different zinc oxides, pigment calclnation_ lower PBR_ and
air cure versus heat cuze,,

The SP 500 and AZO-55LO coatings were slightly more stable

than palnts pigmented wlth E-P 414 or XX 254° The lower solar

absorptances and ease of obtaining good coatings were additional

reasons for concentlating effort on the first two materials.

An SP 500 paint (Z50) of larger particle size, 2,1 _exhibited

good stability., However., the high solar aDsorptance and also

possible difficulties In obtaining larger batches of this

experimental powder were negative factors.,

Pigment calclnatlon dld not xnfiuence the degradation

of SP 500 paints (Z43 through Z46_ but was deleterious to

AZO-55LO (Z5i through Z54) The pigment studies described in

Section IV however._ indicated that calcination was beneficlalo

Lowerlng of the PBR was detrimental to initial solar

absorptance and aiso to stability (Z45 and Z46 versus Z47).

The improved physical properties realized with more binder

were more than offset by decreased stability,

The results for Z48 versus Z49 and Z53 versus Z54

revealed no slgnificant gain in stabllity by curing at 280°F

for 18 hours rather than a_[-dzylng Eiimlnation of a heat

cure in actual practlce would be desizable and_ from the

results of physical tests as well as the space-simulation

studies_ appears feasible_

Miscellaneous Physicai Effects. A numbez of samples were

subjected to varlous physical treatments pmior to stability

tests_ Opti_al changes in these palnts are tabulated in

Table 13_
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Considerable degradation occurred in Z58 Obvlously
application of a topcoat over a soiled area was not sufficient
to retain stability° It is possible that cleaning might remove
any soluble degradable material which may be dissolving in the
second coat during resprayingo Physical punishment prior to
ultraviolet irradiatlon In vacuum had no significant Influence
on stability (Z59) .

Spraylng techniques were varied for samples Z60 and Z61o
It was anticipated that "wet" spraylng would permit greater
settling of the pigment than the "dry" method and would therefore
result in a vehicle-rich surface whlch would be more degradable
However<, the results were the reverse of what was expected
Good stability was exhibited by both samples in thls long
test.

An experiment was conducted to determine the effect of
possible milling impurities. Comparisons between Z62 and Z65
and between Z63 and Z66 indicate that bail-miiling for 6 to
8 hours did not introduce enough fore]qn materials to influence
stability_

A definite source of discoloratlon was residue from
acetone° Distinct yellow streaks were evldent on the edges
of Z64_ which had been "cleaned '_ with acetone= The degradation
is only partially reflected in the optlcal measurement_ since
the reflectometer was geared to a 1-inch diameter and viewed
mainly the center of the sample

Sample Z67 was formulated by using PS7 from a batch opened
one year previously Except for tapp±ng of small amounts about
once a week_ the container was kept tightly covered during
that time_ Sample Z68 was made from a freshly opened supply
of PS7_ As shown In Table 13_ no effect due to the different
binder batches was evident and both coatings had excellent
stability°
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Effects of Curznq and S_to_r_aq_e_ The randomness of some

test results suggested the poss]billty of an effect due to

an aging factor, A subsequent test invc]vlng two samp]es_

Z77 and Z78_ whlcb had been stored for 4 months._ revealed

severe degradation Sample Z77 was two.-thirds Of a i- x 3-inch

panel: the other one-third. Z60 ]n Table ]3. had shown good

stability zn an earizer test,_ The data forZ77 and Z78 along

with other samples investigated for curing and storage effects

appear in Table 14.

Another sample which had been stored for the same length
of time was cut into _-__,_= p:eces: each of which rece!ved

different treatments The data for these samples: Z79. Z80,
and Z81_ reveal the beneflc_al effect of washing and maximization

of stabiiity by heating the paint at 500_C In vlew of these

results_ contamination of the paints appears to be possible.

Washing extracted some of the degradable component. It is

possible that additional washing may have removed even more.

The heat treatment was net at a hlgh enough temperature to

decompose such materJa] s as potasslum .-_arbonate. potassium

sulfate_ or zlnc orthosl]]cate had they been present as a

contributory factor in degradation It appears tbat_ o,_ storing,

the coatlnq collected Impurltles wblch had not actually reacted

chemically wlth the paln. _ but lnstead were held physically in
the porous coatinqs

Sample Z83 we6 cured ]n a carbon dioxide atmosphere by

placing It in a closed box wlth dry _ce The de]eterlous

effect on stablllty was obvious from the change in absorptance

Poor stability was also exhlblted by Z84 a zinc oxJde-potassium

silicate formulation has a ilm_ted_ ]f _Dy shelf life Dlff_-

culties In remixing and spray]ng also resulted after storage_

The increase in absorptance foc the composltlons of higher

PBR was large in view of the heat treatment given these

samples (Z85 and Z86) It would be _eg]cai to assume that

a higher PBR _hould enhance stability Studles with silicones
(Sectlon VIII) corroborated thle theslS

A group of samples {z87 through Z92) prepared at the

same tlme from the same formulation was irradiated In Test 22

As shown In Table 14 the coatings recelved varlous types

of cure and storage Surpriningly_ the most stable coating

(Z87) was air-cured and stored Its change in solar absorptance

was the smallest noted in any of the extended (.>i000 ESH) tsetse

The deslccator curs appeared to be deleterious to stability,

and no difference due to storage in alr (Z89), under Saran

Wrap (290), or in the desiccator {Z88) was observed The

undesirable effect of the desiccator cure was partially

eliminated by heat treatment (Z9] and Z92) The sllghtly

detrimental effect of curl ngzna water-free and carbon dioxide-

free atmosphere seems paradoxical However_ good stability was

exhibited by all coatlngs im this group.
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4i70 ESH Test (No 23[ The most severe space-simulation

test in the program was for 4170 ESH at a solar factor of

10o6 suns_ correspondlng to nearly 6 months of direct extra-

terrestrlal ultraviolet ±rradlatlon The optical changes plus

short histories of the samples appeal in Table 15 Good

stabillty was exhlbited by Z93 (Figure 29) and Z94o The

comparatively superior behavior of the coating with the high

PBR_ Z94, indicates the feaslbility of ±ncreaslng pigment

concentration Tb.e benef!c]at effec% of a 500°C heat treat-

ment is evidenced by the results for Z96 A limlted deleterlous

effect was imparted by washlng

4 Sun.ha ry

The best incrgan±c thermal-control coatlng investigated

was PS7 potasslum sll±cate paint p±gmented wlth SP 500 zinc

oxide precaiclned at 700°C for 16 hours The PBR and solids

content both by we±ght should be 4 30 and 56 9%_ respectively°

Various effects on stabil_ty _o a space env±_onment were studied°

Probably the most impc_tant facto_ for max±mlzatlon of the

stability of this system is cleanliness Contaminatlon_

whether _t De during formulatlon appl±cat_on curing_ or

storage_ mush be avoided A 500_C heating of the paint is

also advantageous_ Such a nreatment was not permitted in this

program however

Several t[eatments were found _o have little or no effect

on stablllty Ball-milllng of the paint formulation did not

introduce enough impu[ities _o change the degradation charac-

teristics Careful wasnlng and physical stresses such as •

fatigue and thermal shock also had negi±glDle effect on the

paint° The lack of heat-cu£ing was not detrimental to stabilltyo

Storage under 5a_an Wrap or posslbly a slmilar protective plastic

should have no ±nfluence on the inherent behavloz of the paint

to the space envlzonment

Certa±n factors were sho_n to be conducive to solar

absorptance changes Foremost was contamlnatlon of the coating_

e.g_ with sebum or acetone resldue Introduction of impurlties
in a more subtle fashlon such as settilng of airborne contam-

inants must also be avoided If a solled area is to be

repainted It must first be sc_upu±ousiy cleaned; merely

applying a topcoat was not suff±clen_ to resto[e stabllity_

The zinc oxide-sillcate formulation has a limited shelf

lifeo A degradable system resulted when the mixture was

permitted to stand fo_ any lengtn of time Apparently a

fresh batch of paint should De prepared lust prior to appll-

catlon Another delete_icus factor was a carbon dioxlde cure_

Acceleration of curlng in such an atmosphere upset the stability

of the system_
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VII_ SCRE_-_NINGOF ORGANIC ANDORGANOMETALLICPAINTS

A. Preparation of Materials

The organic coating vehlcles which were consldered can

bedivlHed into the following chemical categories: organo-

metallic vehicles with organlc "framing" groups_ fluorine-

containing aliphatic resins_ organic polyesters_ epoxy resins_

and miscellaneous vehicles including commercial resins with

undisclosed composition_ In this discussion_ however_ these

binders are divided into three categories: commercially

available silicones_ fluorine-containing aliphatic reslns_

and a modified silicone-epoxy compositlon_ More than 45

resin films w_re considered for screening Nearly 300

pigment-binder combinations were prepared_ although only

about 50 paints were irradiated in vacuum.

The study of experimental methyl silicone resins comprised

a major portion of the non-inorganic phase of the research pro-

_ram_ For this reasonj the methyl silicone resins which were

synthesized durlng the course of the pzogram are dlscussed

separately in Section VIII_

Four silicones were eva!uated_ General Elect[ic Company's

RTV-II silicone paste, thelr LTV-602 slllcone potting compound_

their SE551-N silicone gum and Dow Corning Corporation's 806A

silicone resin. The flrst two mate[lals are polydimethylsiloxane

polymers with the following gene[allzed structure:

t-
CH3 In

I

RTV-II contains slllc_ calcium oxlde and calclum carbonate

as fillers° It is cured wlth Thermoi]te 12_ a proprletary

catalyst obtalned from General Electrlc_ LTv-602 Is a trans-

parent liquid containing no fillers and is cured by addition

of SRC-05 catalyst. Both materlals cure at room temperature_

but the LTV-602 requ±res 16 hours unless the temperature is

raised to 150 to 200°Fo SE551-N is a low-shrink, methyl-phenyl

silicone gum stock which is cured with benzoyl peroxide. Dow

Corning 806A resin is a methyl-phenyl silicone and possesses
a structure which is a cross-linked verslon of structure I

with some of the methyl groups replaced wlth phenyl groups°

This resin requires heating to 480°F to cure° although the

addition of a metal soap catalyst or a crossillnklng agent

such as tetrabutoxy titanium accelerates the cure

liT RESEARCH iNSTITUTE
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Nine fluorlne-containing polymers were evaluated° Those
which were obtained from E_, I_ Du Pont de Nemours and Company
were: Teflon TFE Disperslon No_ 30° Teflon TFE High Build
Clear Finish No 852-202 Teflon FEP Dispersion No_ 120;
Viton Ao and Viton B. Teflon TFEo or polytetrafluoroethylene_
has the structure:

d n
£I

Teflon FEP_. a copolymer of tetrafluoroethylene and hexafluoro-
propylene_ has the structure:

_CF ---CF -CF -CF_
2 2 2

n

III

Viton_ a copolymer o_ vinylidene fluoride and hexafluoropropylene_
has the structure:

[-cH2 2 26F
-CF -CF -CF n

o

IV

The raw polymer of Vlton E gum was dlssolved in acetone or

methyl ethyl ketone It r equl_ed about i0 days before the

suspended impurltles settled and a clear so±utlon was formed°

KeI-F resin No, 800 and KeI-F latex No KF 8213 were

obtained from the Minnesota Mlnlng and Manufacturing Company_

The resin and latex a_-e each copclyme[s of vlnylldene fluoride

and trifluorochloroethylene:

_CF2-CF -CF -CH2-q_-

_i 2 _n

V

KeI-F No_ 8213 was recelved as an aqueous dlspersiono A ketone

dispersion was made from it by quenching the aqueous dispersion

of the latex wlth liquld nitrogen_ coverlng the solidified

material with acetone_ allowlng the solid to warm_ and

decanting the supernatant solutlon. The p[ocess of water

extractlon was repeated _ithout further fzeezlng_ The acetone

disperslon was then dried over nonreactive drylng agents°
ilT RESEARCH iNSTITUTE
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Kynar No. L-18 was obtained from the Pennsalt Chemicals
Corporation and is a polyvinylidene fluoride resin with the
structure:

CH2-CF2_
n

VI

_Ynn a_] w== _+=_=_ _rom _w- w_ ....... Plastics Company It

is a copolymer of vinyl chloride and trifluorocloroethylene and
has the structure:

The only epoxy resin evaluated was a silicone-epoxy

modified acrylic resin known as Leonite 201-S obtained from

the Leon Chemical Industries

B. Paint Formulation

The organic coatings were applied to one surface of an

aluminum _late 3 x 1 x 1/16 inches° In this report the paint

formulations are designated as P-I_ P-2_ etco The designations

used in previous reports on this program are llsted in Appendix Io

The ratio of pigment to binder in the paint was obtained

by dividing the weight of the binder used by the weight of the

pigment. The solvents and dispersing agents which were evaporated

during the drying and heat-curing treatments were not included

in this ratio°

Most of the coatings were prepared by rotating the pigment_

the resin_ and a solvent in a polyethylene container wlth glass
or silica beads_

C. Stabillty to a Simulated Space Envlronment

Only two clear organic polymer films were irradiated:

one specimen of Teflon TFE Noo 30 and one of RTV-II silicone°

The data for these two coatings appear first in Table 16_ which

also contains data for other representative organic paints.

Comparison of the reflectance changes in P-I and P-3 illustrates

the difference between a phenyl and a methyl silicone blnder,
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although some of the degradation in P-I at 440 m_ was due to

the low PBRo Subsequent silicone paints were formulated at a
PBR of about 2.5.

Coating P-4 showed except[ona± _eslstance to degradation;

the loss in reflectance at 440 m_ was only i_0%_ The PBR

of 5 is much higher than is practical however This value

is in excess of the crit±cal p_gment volume concentration for

this plgment-_,_-_ co_h,r,_r_,r,............. The c_itical pigment volume

concentratlon is reached _hen there is insufficient binder to

wet the pigment partlcles and the resultant paint is powdery

and easily scraped from the panel

The small loss in reflectance of only 4..5% at 440 mb for

the methyl-phenyl gum stock_ paint P-2_ was surprislng in

light of our exper&ence with phenyl-contalnlng silicones in

general: Compalable staDiiltles were not observed in the

classical phenyl-methyl resins. It is suspected that the

relazive stabiilty of P-2 resulted t_om the lower phenyl/methyl

ratio compared wlth resins such as Dow Co_ning 806A_ The gum

stock was not stud_ed furthe_ meuause of the superlor stability

of pure methyl s_ilcones (see Sectlon VIII) _

Coatkn_s P-9 P-i0 P-.L2 P-14._ P-±5 and P-16 were also

pigmented a< a very h±gh PBR and [heir respective critical

pigment volume concentraLicns weLe pzobaDiy exceeded although

fairly good adhes±on was oDser_ed _n these slx palnts_ Of all

the nonsilicone paints P-J.4 shewed the Dest [eslstance to

yellowing This paint was the acetone d_spe_slon of KeI-F

8213 pigmented w_th SP 500 zinc oxide

Reflectance curves to _. the 380- to 700-mb wavelength

region before and after _, .dd_at_cr, are presented for palnts

P-4; P-10 P-14 and P-±9 _nF.gu_es 30 through 33 respectively°

_T R6SEARCH !NSTITUTE
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D VIIIo ZINC OXIDE-PIgmENTED METHYL SILICONE PAINTS

Ao Materlals

As a result of the pigment and inorganlc screenlng

investigations_ the pigmentation of silicone-based paints

was confined essentially to the use of SP 500 zinc oxide°

Rutile tltanlum dloxlde and zinc sulf±de were used in

several _ ....±**_t_**ces for eh_ _11rDose of comDarison

Except for two phenyl-methyl sil±cone paints; efforts

were devoted primarily to methyl silicone or polydimethyl-

siloxane_ polymers. The studies were divlded ±nto two phases:

(i) evaluation of commerclally available methyl silicone

polymers and (2) synthesis and evaluatlon of experimental

methyl silicone resins_

Bo Paint Formulation

Except as noted_ all the paints were g_ound in a porcelain

jar mill for about 16 hours at approximately two-thirds critical

speed° The critical speed (rpm) is given by8:

54 _2
WCs =

where R is the radlus of the mill (feet) The only ingredients

used were pigment, vehlcle and solvent Thus the possibilities

of volatilization as well as photooxidation of additives at

reduced pressure were eliminated

The paints were made by charglng an amount of the premixed

paint to the mill sufficient to ]ust fill the void space when

the mill was one-half full of grinding stones The premixed

paint contained enough solvent to make a thin paste on grind-

ing. The paint was reduced to a total solids content of 40%

by volume at the completion of g_inding_ Except for paint

S-17_ catalysts were not a part of the mill charge but were

added only as paint was required The coatings were applied

with a Paasche type AUTF airbrush at about 30 psl

The formulation data for all the sil±cone paints are

given in Table 17., Pigment/blnde[ ratlos are shown as both

weight and volume ratios Welght ratios are designated PBR

(pigment/binder ratio) . Volume ratlos are designated PVC

8DallaValle_ Jo M, _ "Mic_omerltics_ '_ Pitman Pubilshing Corp_,
1943o

liT RESEARCH INSTITUTE
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Table 17

FOP.MUL,_TION DATA FOR SILICONE PAINTS

Paint _.

S-I

S-2

S-3

S-4

S-5

S-6

S-7

S-_

S-9

S-10

S-If

PVC

I ng_re d * e_qt sg__p_gr t s b!y" wt. % PBR

Superllth XXXN zinc: sulfide 107.5 - 40 2.15 40

806A resin I00.0

Toluene 37.0

SP 500 zlnc oxide 156.0 40 ].i0 40

H-621 resin I00.0

Xy]ene 40.0

S_ _ 500 zlnc oxlde 141.0 20 1.19 40

XI_- 6-1057 resln 173.0

Tetrabutoxy tltanium (T}_T) 3.0

Toluene 108.0

SP 500 z*nc oxide 45.0 25 1.35 26

R-l ex[,t I. [esin l_oln. Ill.0

Si' 500 zlnc oxide 93.4 25 1.80 40

XR- 6-004g resin I00.0

Xylene 38.0

S{' 500 zinc oxide 186.8 25 1.87 40

L'I"V- 602 I'-_i yn,e r I 00.0

51_C-04 cata]yst 1.0

Toluene 171.0

51' 500 zinc oxldc_ 140.1 20 1.40 40

I,TV- 601 |_o I yule r I00.0

SI_C-05 catalyst 0.5

To ]. ue n_, I 60.0

SP 500 zinc ox*d_' 112.0 25 1.70 40

T_,I u_ne 67.0

SI _ 500 zJnc (,xlO. 94.8 25 1.70 40

_-3 cxl*tl, resLn soin. I00.0
1'o t uenL, 43.6

$I' 500 zinc oxide 77.5 25 1.78 40

l_-.| expt[, resin st, ln. 100.0

Xy lena 17.7

S|' 500 zinc (_x*de 123.6 25 1.63 40

R-5 uxpt 1. [t_s] n so[n. 104.0

To I ue _._ 86.0

5oiids_
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S-12

S-13

S-14

S-15

S-16

S-17

S-18

S-19

S-20

S-21

S-22

S-23

SP 500 zinc oxide

LTV-tV)2 l_ly_r

SRC OL catalyst

To ] _L_:ne

SP 500 zinc ,;xfde

I,TV- (_02 po I y,,_ r

SPC-05 catalyst

Toluene

Titanox RA-10 rutile

80hA resin

Toluene

SP 500 zinc oxide

R-5 exptl, resin

Toluene

SP 500 zinc oxide

R-7 exptl, resin

Toluene

RA-NC rutile

808 resin

Tetrabutoxy titanium (TBT)

n-Butanol

Toluene

SP 500 zinc oxide

SR-80 resin

SP 500 zinc oxide

R-5 exptl, resin

Toluene

SP 500 zinc oxide

R-7 exptl, resln
Toluene

SP 500 zinc oxide

E-P 414 zlnc oxide

R-5 exptl, resin

Toluene

SP 500 zinc oxide

R-5A exptl, resln

Silicure Z-775

Toluene

SP 500 zinc oxide

R-5B exptl, resin

Tetrabutoxy titanium (TBT)

Toluene

186.8

i00.0

0.5

170.0

240.0

i00.0

0.5

183.8

7] .0

I00.0

24.0

212.0

i00.0

157.0

163.0

I00.0

150.0

1 40.0

I00.0

1.0

47.0

24.0

48.0

i00.0

268.0

i00.0

]76.0

210.0

i00.0

160.0

134.0

1 _4.0

I00.0

176.0

213.0

I00.0

0.5

126.0

255.0

I00.0

1.0

168.0

25 1.87 40

30 2._0 40

30 1.46 40

30 2.12 40

25 1.64 40

45 2.80 40

25 1.45 31

35 2.68 40

30 2.10 40

35 2.68 40

35 2.13 40

35 2.55 40
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Table 17 (cont.)

Paint No.

S-24

S-25

S-26

S-27

S-28

S-29

S-30

S-31

S-32

In_redients_ parts by wt.

SP 500 zinc oxide

R-5B exptl, resin

S11icure Z-775

Toluene

SP 500 zinc oxide

R-5A exptl, resin

Tetrabutoxy titanium (TBT)

Toluene

SP 500 zinc oxide

LTV-602 polymer

SRC-05 catalyst

Toluene

SP 500 zinc oxide

LTV-602 polymer

SRC-05 catalyst

Toluene

Titanox RA-10 futile

LTV-602 polymer

SRC-05 catalyst

Toluene

SP 500 zinc oxide

R-8 exptl, resin

Tetrabutoxy titanium (TBT)

Toluene

SP 500 zinc oxide

81932 resin

Tetrabutoxy titanium (TBT)

SP 500 zinc oxide

R-8 exptl, resin

Tetrabutoxy titanium (TBT)

Toluene

TiPure R-900-1 rutlle

LTV-602 polymer

SRC-05 catalyst

Toluene

255.0

I00.0

0.5

168.0

213.0

i00.0

1.0

126.0

373.0

I00.0

0.5

214.0

304.0

i00.0

0.5

197.0

180.0

i00.0

0.5

183.8

264.0

i00.0

1.0

176.0

48.0

i00.0

1.0

316.0

I00.0

1.0

179.0

237.0

I00.0

0.5

198.5

PVC,

35

PBR

2.55

Solids,

% by vol.

4O

35 2.13 40

40 3.73 40

35 3.04 40

30 1.80 40

35 2.64 40

35 1.45 31

40 3.16 40

35 2.27 40
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S-33

ZW-60

ZNO-40

0-9-0106

0-9-0107

0-9-0108

SP 500 _inc oxide 316.0 40

[<-g exptl, resin I00.0

Tetrabutoxy titanium (TBT) 1.0

Toluene 225.0

Zinc sulf Ide 60

808 resin

Tet rabut,_xy tlt anlt_m

Zinc , ×|de 40

80R * ,,._3in

Tet rabutoxy titanium

Zinc ox_de 25

Proprletery .._thyl silicone elastomer

Rutile 25

Proprietary n.sthyl silicone elastomer

Zinc sulfide 15

Proprietary methyl sillcone elastomer

3.16 40

ZW- 60

end ZNO- 40

furnished

by JPL

0-g-0106 I

0-9-0107.

and 0-g-6108

furnished by

Dew Cot nin_

Dew Corningl 806A resin. XB-6-I057 rosin, XR-6-0049 resin I and 808 resin.

Du Pont! Tetrab_toxy ti£a_lum (TBT) and TiPure R-900-1 rutlle.

Eagle-Plchsr! E-P 414 zinc oxide.

C_eneral Electrlcs LTV-602 polymer, SBC-04 catalyst, SRC-05 catalyst,

SR-80 resin, and 81g_2 resin.

National Leadl Titanox RA-10 rutlle and Titanox RA-NC futile.

New Jersey Zinc! SP 500 zinc oxide.

Nuodex Productsl Silicure Z-775.

C. J. Osborn Co.i Super]ith X)O(N zlnc oxide.

Union Carbldel R-621 resin.
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(pigment volume concentration) _ The interaction of light with
pigmented systems depends upon the volume and the surface area
rather than upon concentrations by weight. In other words_

two white pigments of different densities can be compared as

paints only at equal volume concentrations°

C. Synthesis of Experimental Methyl Silicone Resins

±[i_ y_L*_Ldl reactiul, --_ fua ....... siliuu**_ ----:----LIt_L t.t_.t. .t.

is given by Rochow and Gilliam 9 as:

(CH 3)2SIC12 +2H20 --_ (CH 3)2Si(OH)2 ÷ 2HCl

CH3SiCl 3 ÷ 3H20 _ CH3Si(OH) 3 + 3HCl

2n(CH 3)2si(OH)2 ÷ nCH 3SI(OH) 3----_FtcH3 CH 3 fCH3 7

_-Si-O-Si-O-Si-O-_

Lc JH3 _ CH3 n

+ _nH20

A mixture of mono- and disubstituted silicon halides (or

ethoxy esters) is hydrolyzed_ and the resultant silanetriols

and silanediols are condensed to the resinous product. The

composition of the resin is controlled by Me/Si_ the molar

ratio of methyl groups to silicon atoms. Me/Si is essentially

the same for both the reactant mixture and the product. Methyl

silicone polymers prepared in thls way with Me/Si less than

1.2 are sticky syrups whlch cure at room temperature to hard

brittle solids. Resins with Me/Si greater than 1.5_ and

especlally greater than 1.7_ are oily_ sllghtly volatile

llquids w_ich cure to soft gels only after prolonged heating
at 200oC. _

Relevant data on the various experimental silicones are

tabulated in Table 18_ Molecular weights were obtained on a

Mechrolab vapor pressure osmometer_ model 301A. The instru-

ment is known as a "thermoelectric" type of osmometer. I0

9Rochow_ E. G. and Gilllam_ Wo F._ The Journal of the American

Chemical Soclety_ Vol_ 63_ po 798, 1941.

10Brody_ A. P. et al_ Journal of Physics and Colloid Chemlstry,

VOlo 55_ po 304_ 1951o
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The experimental z es_ns weze s\,ntheszze:Z as follow3,

l'wt,, t_q_l h: 0r,i.'< (2. S.q q) r,f lin_f,thyid1_'hloro-

ql]_ne (q9.4%) and G.4_ mol,.s (72.0 3) (,f m_ !hy|tri.-hloro_]lane (q5%) were mixed

in 300 q of ,_nhy]rou_ di_:thvl 6._her. The re_;,tl_-*nl m]×ture wan added drnpwise

with agttati_,n. _v_[" _ pwri,,t ,,f _('_ m_n_ *o ]O_;0 q of lee. The resll]tan,

w_t_r /_-th_r !;hat_es wore, _,_rar_._ :,n _ _h. ether _,_],lt_on dried _,ver anh%_rO*s

the form of Qn _'xt. roluelv h,/_rq, Dh<,'_,ic, viq<:[)ta_ l tq,iid, l'he ell was taker* u I,

with suff]ci_,nt xvl,_!e to m._k:, ;_ _0% bV wf . 4,alu_l,_n of the resin. The specific

qravity of the ro_;n £,,II]t i.,,-, w_.. 0.Qq(',. _it-,/51 w::_s oqlculat___! to be 1.29.

i']xl.)er]mental: Res.lr L }',- _':

£r,t_r-t_nth:4 mol,.s (5] .6 q) of dlmethyldichloro-

silan,2 (99.4%) and 0.4: _, u,ml*,_ (7..0 , ) _)f mo_hylt rich[orosJlane (_5%) were mixed

in 30C ,g *_t anhydrou_ ,-]Jet!_'i , t},,.r . The re_;nlt lot mixture was adde,_ dropwise

with a.qit_tion. ,)ver ;, [_'ri,,'] ,)[ 4( _ |!,in, tO ]00Q q or iC_. The ether layer was

separa*ed an:] wa_h_ _,] with "il_lJl!_vl w-lt,_r _*,it i l a water ]ay(_r n¢._,atra] to litmus

w:_; _Q_t-_zmer]. The erh_r _<_],I_ I,,,! w_,'_ :_rt_i ova, t? ,_nby.]rotls maqrlc._ium su}fate and

a I ] .... ] f O ov_t_o_ ,3t <_ _ n ,q hOrY_ f c_l- 4 I.W_, . ICe/ ;i was caJ cu I at ed to he l . 46. A

*,t" _,[u_ ion by vol. It_ 1,31u,-rl, _ w,l_ [_[_,!,._[e]. ']'h*_ s!_eci£_c ,4ravity of the resin

soluf ion wa_ ] .01%.

F_t,t t_:nth:; mc_l_,_; (5_.2 g) ,_f d]methyldiethoxy-

sJlarte (90%) and 0.4q mr_[e_{ (_5.5 q) of i_,_.thyltri_'thox'_si] _ne (90°<) were mixed

and ad,leq to 200 j of ._nh3",_r,_us ,'thvl _',,oh,)l. The mlxture of silanes and

alcohol was _:-]ded to abo_lt 4(,O _ ,,f "]i-;t :}i_,t wat_.r {'onca_ntng ]0 g of 37%

hydrochloric _)c_]. The ;.ixt,]t(. w;_q refiuxe,J _-]/2 hr. The resinous oi] was

separated hV qecanta_ iOr_ W:tS}I.,@, 6_nd alia)w,? _] %0 sl3n'] In a ."eparatory funnel

for 72 hr. '['he Igs/I, w.l% i,i lln _,-;):i[;3t,,] and -iJluto,1 to 50% by vol. with

toluene. The t:_sin q_,|,if i_'f: W_:4 then ,lrle,] OVer DI le[Ite. The s[_eci[ic

gr'_vity _ thq s,,l,ltl*_n was O.Q_4. Pc,/_] w]s ca]<'ql,lte_] to be ] .46.

_.xpe_c J Fhe_tu J_ R_sLn . V-4 :

Fo,,r t_nths m<,les (59.2 q) _f damethyl_iethoxy-

sl]ane (90%) _nd 0.48 ;n,n]_._3 (_{5.5 :) _,_ m_thyl_riethoxysilane (90%) were mixed

w1_h l=_0 _4 of" 95% ethyl l],'_h_,J and ,_!od t'_ 4Q0 4 o/i '_tst flied water. TO this

mixture* wn.q t'_'],_1 22 m: _,f 5 :% hy,]r:,_h!o_ i__ _cid. an4 the mi×t,_re w,_s retluxe(]

vi _or,)u:_ly t(_l l _) h{ . \ '_,'lq:)?'_ vlb=,'<,l!;, r:,,lc, r l*-'qq flqi,] of ,tensity "]reater

th;_n water t_:_uI_o']. 'Fh_" [_w_lylllt?! w_!_ w,l'dhIf, i by _,c;,ntat leo until a neutral test

to ]]tmtl5 w_._ obtqine_4,. '!'},,-r_ 7t! ,_ (>f xyl¢_n_: w]_ :_,-].h*-l, offec?tln_ ser_aration of

a w3tef,'_tqlnlc _)hnse. ;'he _'I "];_: it" lJt_'¢'r w;_S %" I_)_,',| wlt_i <]isfllled water twice

=_nd wan rlt-l_d OVe! :;[i,_; if,: l[_,_r w_i{]h;:l']. The t_:i_l[tar_! solut/_n contained

40% res_ by v_l. (47% bv wt .) , _n_ th* #te/Si of _h_' [_w_]ymer was c31cu]ated to be

1.46. The f;r'_oc]fic qr ,vlt%, ,>f f__,, re, tit _z,]l_f },_n w_s 0.965.

>:;x],_rU!,L:nr4] - ?,-'s_[; .P::,:

';'ht(',:-ten'i*:_ n:{_l_,_ ( :F3.7 q) r_f _imethyldichloro-

:;llano (99.4%) :rr] 0.4:_ ;'._I,_ (TJ.i; _) ,_r :.f_fLvl! _ i_-h]orosi]-,r,'9 (95.0%) were

mtxe_] in %0( _ ] r,f ;,nh'¢'tt_'l_; !i,.thy! ,'the', . 'I'},*, t(..;ult;_n e mtXttlrf_ W[_S added

dropwise with :_,]lt._tirq,, _'.'_'r :_ :_er_<_'] _f 40 min_ t<, ]00O :j of ice. The ether

l::,yer w_q '_,':_;_r :_t _,] ,:_i w ,_:h ! rmo<, w:t h ii F_ tl l,:'_ w_ter. It wns then washed

with 5% _c_[ut]on o _. ::<_'1]tt: :,l_-.,!br,r:.:t, , .*ml]ow_ ''i by t}::ee w-_shlnqs with dlstille_

ware:. The ' /h,2r- }¢ni'Itlr,r .,}% ]tl_'d (,v"[ {H i('[ite md (-v,_I)orat<'d _t redtlced

:>',qsute. [w,_v]r]i ] vi_',,t_:. ,',!]¢*t ]<':': rt't:_in. A rosin solution in toluene was

m _c at 67.4% ':oJiq:: t;._, vm}. "Th." :¢;_'_,'!_ tc ,)r:}vity of th<! [esln solution was

1.040. b:_,_/t4) _r; r',tl,',ll,tt,.,] t , },0 ]._:.
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Experlmeqtal Resin R-6:

Four-tenths moles (59.2 g) of dimethyldiethoxy-

silane (90%) and 0.96 moles (17] g) of methyltrlethoxysilane (90%) were mixed

in 200 g of ethyl alcohol and added to 600 g of distilled water. To this

mixture was added 33 ml of 37% hydrochloric acid_ and the mixture was refluxed

v_gorously for 19 hr. A wa.wy ro]_rlegq gum residue (solid) resulted in larqe

yield. On drying the solid at reduced pressure, it was found to be insoluble

in all common laboratory solvents. Me/Si was calculated to be 1.29.

Expor_mental Resln R-7,

Twenty-five one-hundredths moles (32.2 g) of

dlmethyldlchlorosilane (99.4%) and 0.50 moles (74.8 g) of methyltrichlorosilane

(95.0"A) were mixed in 300 g of anhydrous diethy] ether. The resultant mixture

was added dropwlse with agitation, over a period of 40 mln I to I000 g of ice.

The ether layer was separated and washed w_th dlstllled water until a water

layer neutra[ to [itmum was obtained. 'I_e ether solution was dried over

Drlerite and evaporated at a redtlced presnt]re, leaving s viscous, colorless

reels. The specific gravity of the res_n wam 1.150. Me/Si was calculated to

be ].]3.

_to basi_ R-% m_thy] aLlleono resin

was prepared aeenrMtng to the procedure outlined above. _lo resultant stock

resin (oontalnlng no molv_n%) wal dlst]lled at 150"C at 0.04 I 0.0| mm Hg

preusure in an A_CO '50' Rote-Film molecular s_li]. The upper-moiaeular-wIlghE

fraction was col]@eted am R-SA. lee mo]eet||ar Welght wee found to be _290.

_O_T__/ The _ower-mf_}eeular-welght fraction was redlat|llod at ]50_'C and 0.04 m_n l{g

pressure. Its upper f_aetjon was then celled-ted as a-SB. The molecular welght

was found to be 958. The spe_IfZc gravity of R-5A was 1.140 and that of R-_B

WaS ].18]. The resins were de_:olorisod with At|as |owder'a Dares Antlvated

Ca|ben g60.

__ _e_L0__L-_,

Th_ b_sin R-S methyl silctone rests was prepared

aceordlnQ t_ th_ p_needurm out lined above. The resultant stock resin (eontalnlng

no solvent) was dlstllled at an average tompura_ulm of 108'C and 0.04 mm Hg

pressure in an A_CO '50' Rota-_ilm moJseu]ar _Jtt]]. The upt_sr.moteeq_ar_wolght

fraetlon was co]l_ctsd as R-8. _t_ ,Is)ocular + weight was found to be 2]00_ and ite

specific gravlty was |.Ia2. The reals was decoJor_sed wlth Atlas |'swam|'0 Dares
Activat_J Car_n i]6(].

The basle R-% methyl slllc_ne rasln was prepared

accordlng to the pr_eedure o_Itlined above. The resultant stock rosln (containing

no solvent) was distlll=)d at an ave*age te_qDerature of ]O0'_C and 0.004 mm Hg

pressure ]r_ an A_CO 'r',D' Rots. FI|.,I Inole_'_l_ar still, The tlpper-molecular-we_ght

ftactlon was eel|acted as ]_-q, It_ ,_(_leeular welghf was found to be 2000 t and

its spee|fie g_avit_ was _.1_0. _e _sin wa_ deco]_rized with Atlas Powder's
Darc_> Aetivdt_ Carbo, _60.
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Do Determination of Phy_sical [_roperules

! General

Commerclal and experlmental methyl silicone polymers

were evaluated,. The commercial polymers were Dow Corning's

XR-6-0049° XR-6-I057_ and XR-6-2000 and General Electric_s

LTV-602. XR-6-2000 and LTV-602 are methyl silicone potting

compounds. A resin deslgnated SR-80 was furnished by General

Electric and was reported to be a zlnc octoate cured met_;yl

resin A similar resin but without the catalyst was also

furnished. It was designated No. 81932, The behavior of

paints based upon SR-80 and No 81932 when subjected to

space simulation as well as infrared analysisj however,
showed that these reszns are not pure methyl polymers° The

cohesive and adheslve strengt]_s of zinc oxide paints based on

XR-6-2000 were so poor that no further tests were made.

The first batch of XR-6-0049 formed an irreversible gel

before it could be used. and paint S-5 (Table 17) was formulated

from a second batch_ wlth a shelf llfe of over 6 months_,

XR-6-I057 was pigmented with SP 500 zinc oxide at PVCs

of 20, 25_ and 30%. All three coatings as well as a clear
varnish of XR-6-I057 underwent catastrophic "checking" at

the 360°F temperature requlred to cure the coatlngs_ An

air-drying modificatlon of XR-6-I057 was prepared by careful

addition of i% tetrabutoxy titanlum (TBT) in n-butanol, This

resin solution was subsequently plgmented wlth SP 500 zinc

oxide at 20% PVC and applled to aiumlnum substrates. The

coating air-dried to the touch in 1 hour and formed a film

capable of being evaluated in the space-slmulation chambers

The coatlng was designated S-3

Paint 8-6 is a zlnc oxlde-plgmented methyl sillcone

elastomer made from LTV-602 and Gene:al Electric_s SRC-04

catalyst_ The paint required oyez 2 weeks at 36C °F to cure

tack-free_ Subsequent coatings based on LTV-602 utilized

General Electric's SRC-05 catalyst a_d thelr proprletary

primers SS-4004 and SS-4044., These coatings all cured within

48 hours at room temperatures, Paints formulated at higher

PVCs cured at room temperature in 18 houcs or less, This

behavlor is posslbly due _o gzeater po[osity in the more

highly pigmented systems_ permitting faster solvent evaporation.

Adhesion of LTV-602 paints was poor when the primers were not

used° In fact_ unprimed coatings were easlly stripped intact

from surfaces as large or larger than 1 square foot° The

adheslon of the prlmed material was adequate, as determined

by subsequent tests_ Another problem with the elastomeric

coatings was their affinity for dirto dust_ and debris°
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Although it was virtually Impossible to keep their surfaces

clean_ the collected dlrt was easily removed by wlplng wlth

a sof£ damp cloth_

The curlng properties of the palnts ccntalnlng the

experimental silicones derlved from slllcon halldes were

essentially as expected,_ The coating contalnlng the lowest

Me/S_ 1_29 (Table 18) _ cured in only 1 hour at 330 OF- some

checking occurred on heating to a slightly hlgher temperature°

at 300°F to cure. The coating with an ante_medlate Me/Si_

1.38_ cured in about 16 hours at 260°F.

The molecularly distilled reslns based upon the R-5

stock dld not cure in ib hours at 300°F When catalyzed

with zinc octoate (SiiicureZq75)_ they usually cured In only

15 minutes at 300°F to a very hard brittle_ glossy film which

could not be marred with a fingernail.. However._ coatlngs cured

with zinc octoate failed on thezmal-shcck cycling and formed

long cIacks on cooling aftez be±ng heated to _empezatures £n

excess of 300°F, When these same foLmulatlons were c_oss.-ilnked

with tetlabutoxy titanlum (TBT) _ they cu[ed in I houz at 300°F

to a tough, equally hard, glossy film which wlthstood exposure

to 500°F and ten oz mole therma±.shock cycles Exposuz-e to

500°F for I hour oz" mole implored thei_ hardness but changed

the suzfaces from glossy to semlglossy,

The methyl slllcones derived from silicon este_-s _equired

higher baking temperatules to cure tompa£ed w_th those derlved

from sllicon chlorides at the same Me/St Paints based o__

the resins derived fzom sillcO[, esters appealed to "haze" at

the curing tempezatuzes In addition. _he_ weze hlgnly poz-ous

and soft but bzittle coatlngs which otfezed no physlcal

advantages over the coatings based on chlo[os_lane, dezived

resins

With the exceptlon of S-3. which was ca_atyzed wlth

tetrabutoxy titanlum, all the sl±Icone paints studiec_ had

adequate shelf lives. The main pzoblem encountered was pigment

settllng, which occulzed _apldly in the metDyi res±n coatings,

No difficuities were expe£1enced in [edtsperslng the plgment

in these coatings however The film pzope_ties and curing

condltlOns of all the slilcone paints a,e pzesented in Table 19,

Paints S-l, S-2. S-14_ and 5-17 weze formulated for

purposes of comparison wxtn the methyl silicones (See Table 17)..

They all are phenyl-methyl sll±cones and therefoze zequlze

curing at 400OF or nlghez. S-_4 was formulated as a substrate

for zinc oxide-pigmented methyl slllcones and is discussed

in a latel section S-17 was _o_mulated for the Round Robin

Testing Program and was designated as TC-50 .19 foz that program.
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Paint

No.

S-]

S-2

S-4

S-5

S-O

5-7

S-8

S-9

S-lO

S-I!

S-12

S-l]

S-14

S-15

S-15

Table 19

CURII_ CONDITIO_qS AND FILM PkOPE[_TI_S

OF TIIE SILICONE PAINTS

c_ire

4 hr at room temp.

+ I hr at 400 _F

4 hr at room temp.

+ I hr at 4OO_F

16 hr at room temp.

4 hr at room temp.

+ 1 hr at ]]O F

4 hr at room temp.

+ i hr at 330'F

12 hr at room temp.

+ 2 wk at 360'F

).6 hr at room temp.

4 hr at room temp.

*Ib hr at 300'F

4 hr at room temp.

+18 hr at 3OO'F

4 hr at room temp.
÷ 2 hr at 450 F

4 hr at room temp.

+ 24 hr at 2{)0 F

I_ hr at room t_np,

l '_] hr at room temp.

4 hr at room tern D.
+16 hr at ]OO E

4 hr at roo_n temp.

+ 3 hr at ]OO'F

4 hr at room tem}).

_40 hr at _00 F

Film Propertles

Film integrity, appearance, and adhesion

exc_,l lent. (,ood gloss.

• _ tntegrity_ ap[_arance_ and adhesion

×eel lent. (_ood gloss.

Film hard and brittle. Appearance and

gloss uood. Cracked off on heating to

30OF.

Film intecr_ty and adhesion good.

Checked on heating to 360'F for 1 hr.

Semiglossy.

Film integrity and adhesion good.

Checked severely on heating to 360"F.

Adhesion poor. Not thoroughly cured.

C,<_od gloss.

Very slight tackiness. Cured on heating

to 150'F: cured after 48 hr at room

temp. Resilient, excellent gloss.

Required pruner.

Film integrity and adhesion good, Flat.

R6__]uired temp. above 300'F to cure in

less than 16 hr.

Did not cure until baked 2 hr at 4OO_'F

(in addition to 18 hr at 300_F).

Checked severely.

Film Integrity and adhesion good,

Flat.

Film integrity and adhesion good to

excellent. Flat. Vitreous-like.

Resl[ient_ high-gloss film with good

adhesion when prlmed.

_esilient_ high-gloss film with good

adheslon when primed.

Film integrity, appearance_ and adhesion

excelt,=nt, Excellent gloss.

hard, i×_rous surface wlth good adhesion.

Hard_ br i ttle; _rous coating showir<]

some mlcrocracks on cooling. Oood

ddhe s I on.
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S-t5 4 hr at re: ,u temp. Failed ("[_)plx,_ off") on cooling.

+15 hr at 4(ii, F

S-[6

S-17

S-18

S-19

S-20

S-2i

S-22

3-23

S-24

S-25

S 26

S-27

4 hl at i;oorn temp.

440 hr at _O0 F

+ i hr at 300 F

4 h[ at room t,m!p.

+ 2 hr at ]00 F

4 hr at rooln telllp.

+ _ hr at. tO0

4 hr a t roolil [elfl_ i.

* 2 h[ at 300' F

4 hi at i,ooni temp.

+ 3 hr at _()0 F

4 hr at room temp.

+ [ hi- at 300 F

4 hr at loom tt_mp.

* Ii'2 hr 4_ 300 F

4 hr at room t,,mp.

+ 1/4 hr at _00 F

16 h[ at i,,o[_, t(mlp.

1 hr at _ ' . i.'

l(_ }ll it ,oP/ t_'hq).

hK a t I O{;:!l t (!II1_,.

] 6 hi _It room t_'pl|).

24 hl at [,,oiu t,_!,p.

+l_ hi at 250 F

16 hr at r,Jo:n t. lup.

÷I}{ lit at LStJ r'

[_3 h[ $tt I (Jtl! I t {,lnl, ,

+ ;: h_ al 250 ;'

i _ hi at I t_c)it I cqll[>.

,1 hr <at [<_<_:_ t,!l!tlJ.

* 1 hr _t _)l) 1'

tlard, nonglos.sy surface showin_ good

adhesion and aplx_arance.

}l]l_l ll-_tmC_rlty, a]:[_,_r_nc_ and adhesion

9ood.

Film tntecilty_ appeatance_ and adhesion

very good. Tough and hard.

Film zntec[_ty, appea[ance_ and adhesion

good. u]c::ll c l os,y. !{a_' d. _'nrous.

i|ard, _,)rous surface showing 5ood

adhesion a_h] dl;p_arance. Showed small

_d(_c clacks after <_'vera] hl- at 300"F.

Fll:[i !litectlty_ <i_I,_:,_lance_ and adhesion

good. }lald. Porous.

Hard, brztttt [-Jll;t with uood adhesion.

5_'lu iq l 0 S Sy.

flat J, br Ittlt: ct)_it in q wlth good adhesion.

S_[I,i: 1o _::;y. _qoili<' wha t p<Jrous.

flat,J, bzltt_o coating with good adhesion.

S+-m_iq l 0 s.;y. Somewhat poI ous.

llard_ e{mld not Ixe. scratch_:d with finger-

nail. Wsthstood 1 |it at 500°F. Glossy.

Ciumbly :urface. Poc, r adhesion eveil when

l,l_.:l,cd, i_tLtic_lt to Ul:ray-apply.

bifflcutt t.o SlJtay-apply. Softl

S(!uUulussy sUt face. <,ood adhesion when

pr ii:_;d. |'.eSl [lent.

Soft, sonlewb,_t t <icky. (,lusay_ with fair

adhe s i c_[l.

tL]F,}, (:[:'ill;h.' _'u,tlric: which leslsted

_c:l .!t_ch I fill . ( ,iced _dh,:sion. Withstood

I hi at 500 F.

tiatd_ bi !.t t lt'_ (-t[C) 5_;'_' f111II with Qood

._<1 h_ .% i < ,[l.

lldld, lu Ittlo_ %llo_s¥ film wtth rood

_,lYl6'5[f)li. i41%}l:;tO<ld ] hr dt 500 _".

Sl*it , t't'_>lll_:rlt flil:i with _>xcelI_ nt

_;lo:_: ui_i_ _ _ocl 14h,_slcm when primed.

li ild,bl If rl,_ _il,_:',!iy I11:. with Good

adhc, sl,;n. WI t ll:d., od [ tit rata 500 >F.
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2_ Thermal Shock

The thermaL-shock test was the same as that used for the

inorganic coatings All coatlngs listed in Tables 17 and 19

except S-5_ S-6 S-9 S-14 5-17: S-28_ S-30_ and S-32 were

tested. The phenyl-methyl paints S-I and S-2 and the paint

S-18_ based on General Electric_s SR-80_ flaked and cracked

on the first cycle_ S-20 showed small cracks along the

specimen s edge after i0 thermal-shock cycles_ The remainder

of the coatings_ all 100% methyl silicone paints_ withstood

i0 cycles of 200 to -320 to 200°Fo

3_ Torsion

The results of torsion tests on six silicone paints are

presented in Table 20. Paint S-I_ the zinc sulfide-806A

phenyl silicone paint_ failed the 90 ° torsion tests_ while

S-2_ the zinc oxlde-R-621 phenyl silicone paint_ was stressed
90 ° wlthout failure_ Of significance is the fact that S-4

exhibited poorer twist resistance than S-8o S-4 contalns a

polymer with an Me/Si of i_29_ whereas S-8 contains a

polymer with an Me/Si of io46_ The PVC of both paints was

25%, and the resins were both synthesized from appropriate

mixtures of chlorosilanes The Me/Si of the polymers used

in paints S-19_ S-29 S-31_ and S-33 was 1o38,

The torsional stress reslstance of several other organic

coatings is _esented in Table 21 for purposes of comparison_

4, Abrasion

Three methyl silicone paints were applied to 4- x 4-inch

panels for abraslon resistance tests with the Taber Abraser,

Each sample received i00 revolutions at forces of either

125 or 500 G. As expected_ the abrasion reslstance of the

methyl sillcones (Table 22) was not as good as that of the

inorganic palnts_ Although the loss in weight of paint

S-7 was of the same order of magnitude as that of the

inorganic paints_ the loss was due less to hardness than

to resiliency

liT RESEARCH INSTITUTE
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Table 20

TORSIONAL STRESS RESISTANCE OF SILICONE PAINTS

Paint No.

S-I

S-2

S-4

S-7

S-8

S-IO

S-19

S-29

S-31

S-33

S-33

Thi ckne s s

Cure mils

Air-dried for 24 hr 4

+ 16 hr at 300°F 5

+ 2 hr ...... _ 3

Air-dried for 24 hr 4

+ 16 hr at 300°F 4

+ 2 hr at 400°F 4

Air-dried for 24 hr 3

+ 16 hr at 300°F 3

Air-dried for 72 hr

Air-dried for 4 hr

+ 16 hr at 300°F

Air-dried for 4 hr

+ 2 hr at 450°F

Air-drled for 4 hr

+ 2 hr at 300°F

Air-dried for 4 hr

+ 3 hr at 300oF

Air-dried for 4 hr

+ 3 hr at 300oF

Air-dried for 4 hr

+ 1 hr at 300°F

Air-dried for 4 hr

+ 1 hr at 300oF

+ 1 hr at 500OF

4_5

4o5

4_5

4

4

4

3+

3+

3+

3+

3+

3+

3+

3÷

3

Results of 90 ° Stress

Subsurface cracked at 82°°

Cracked at 18°o

__ _. 75 °

No failure o

No failure°

No failure°

Cracked at grip at 52°_

Cracked at grip at 47 °)
cracked at 85 °.

Cracked at grip at 65°°

No failure°

No failure°

No failure.,

No failure_

No failure°

No failure.

No failure°

No failure°

No failure°

No failure..

No failure.

No failure°

No fallureo

No failure.

No failure.

No failure.-
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Table 21

TORSIONAL STRESS RESISTANCE OF MISCELLANEOUS ORGANIC COATINGS

• Thickness_

Composition mils

B-V A29550

acrylic-phenolic

Leonite 201s 4

Leonite 201s

and SP 500 ZnO

Butylated urea-

formaldehyde

and Epon 1007

Marietta 6301

epoxy enamel

Silicone 806A

and SP 500 ZnO

Results of 90 ° Stress

No failure after 120°o

Subsurface cracked at 42 ° . No

separation from aluminum sub-
strate after 90 ° .

Subsurface cracked at 75 ° . No

separation from aluminum sub-
strate after 90 ° .

Subsurface cracked at 70 ° . No

separatlon from aluminum sub-
strate after 90 ° .

Subsurface cracked at 62 ° . No

separation from aluminum sub-

strate after 90 ° .

Subsurface cracked at 24 ° . Sur-

face cracked at 42 ° . Separation

from aluminum substrate at 52°°

Table 22

ABRASION RESISTANCE OF SILICONE PAINTS

Paint No.

Weiqht Loss 3 q

At 125 G At 500 G

S-7 0°0098 0o0915

0.0532

S-8 0°0929

S-10 0.0790

0.0661

0.2224
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5. Film Strenqth of LTV-602 Paints

The film strenqth of the LTV-602 paints was determined

on free_ detached films of three paints_ S-7_ S-12_ and S-13_

pigmented at 20_ 25_ _nd 30% PVC. They were prepared by

pouring portions of the catalyzed paint on a clean flat

surface. The paint was allowed to cure for 48 hours_ was

stripped_ and then was aged for 16 hours at 150°F. Tensile

test specimens were prepared and were stressed on an Instron

tensile testing machine. The data are presented in Table 23.

Each value represents an average of four tests. The tensile

strength increased and the elongation decreased with increasing

PBR. Little difference in tensile strength due to indreasing

the PVC from 25 to 30% was observed, although this increase

in PVC caused a siqnificant decrea_ in elongation. An

LTV-602 paint with a 40_I PVC exh_biLed such poor cohesive

strength that it was not tested.

Table 23

TENSILE STRENGTH AND ELONGATION

OF LTV-602 PAINTS

Coatlnq

Average

PVC_ Average Tensile Elongation9

% Strength, psi _L; in.

3-7 20 313 3.42

S-12 25 412 3.56

3-13 30 415 2.80

_, Determlnatlon O_ Optical P[opertles

The effects of film thickness and PVC on the optical

properties of several elastomerlc paints are presented in

Figures 34 and 35. The total normal emittanee values

(at 200°F) of S-7 and S-12 are presented in c]ose proximity

to the points on the graphs. The data confirm that thick

coatings of app_xima£aly i0 mils are required to optimize

reflectance and to avoid the necessity for thickness control.

The effect o t_ PVC on solar absorptance was pronounced only at

lower film thieknmss_ except for paint 3-26_ which was pigmented

at 40% PVC. Little difference in solar absorptance we, observed

when paints S-7, S-12_ S-13_ and S-27 were applied at a film

thickness of about i0 mils. On the other hand_ considerably

thinner coatings appeared to optimize emittance.
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Figure 34

SOLAR ABSORPTANCZ VERSU3 THICKNESS IN PAINT S-7

98 IITRI-C207-25



¢-,v- v-._

0.36

0.34

0.32

O. _t

'_ 0.28

u

0.26

0.24

0.22

0,20

0.18

0.16

_,o.86,{ "l 'l I l I III ''

\ 0o_1

\ • S-12, 25% PVC -

\ O S-131 30% PVC

_ o__\ 0.92

_ _
. \_o.o,

_
+ s-27, _s_ Pvc O_O_ O --

X ._-261 4o_ Pvc

+

• . I I ,I ,I I l lxlll ,
2 3 4 5 6 7 8 9 I0 15

Thlc_ne.m t mlln

20

Figure 35

SOLAR ABSORPTANCE VER3US THICKNESS

IN PAINTS S-12_ 3-13_ S-26, AND S-27
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In the infrared emitting region the paint is essentially

an absorber; whereas in the region of the solar spectrum the

paint is a mixture of two nonabsorbing_ transparent materlals_

the silicone vehicle and the zlnc oxide_ Except for the ultra-

violet region_ where zinc oxide is a strong absorber_ opacity

and solar reflectance are achieved by scattering mechanisms.

The strong dependency of solar absorptance on thickness 9 even

for relatively thick films_ is emphasized by the facts that

(I) zinc oxide possesses a low refractive index compared with

such pigments as rutiie tltanlum dioxide and zinc sulfide and

(2) its concentration in the paints is lowo

Paint S-26 was plgmented at 40% PVC and possessed an

exceptionally low solar absorptance of 0016 at a thickness

of only 7_5 mils. The low absorptance may be attributable to

the fact that 40% represents a concentration equal to or

greater than the critical PVC° Thus the coating possessed

many pigment particles wlth an air interface and consequently

had a higher average refractive index ratlo_ which resulted in

greater scattering due to enhanced porosity throughout the

coating° As a consequence of the excessive pigment concentra-

tion. the film was powdery and fragile and lacked cohesive

strength sufficient to ensure its utll±ty°

The effect of the film thickness cf S-33 on its solar

absorptance_ total normal emittance? and the ratio of the

two is presented in Figure 36 This paint was based on the

molecularly distilled experimental resin R-9 with an Me/Si

of I°38. It was plgmented with 3P 500 zinc oxide at 40% PVC.

Coatings S-21 and S-19 were the same except that In S-21

Eagle-Picher s 414 zinc oxide was substituted for half the

amount of SP 500 zinc oxlde required for 35% PVC> The mean

particle size of 414 pigment is l_0 _• whereas that of SP 500

is 0°30 _o The influence of the larger particle size was

manifested in the _ and _i,2 of the un_rzadiated S-21 film
(see Figure 37) _ The larger slze more effectively scattered

the long-wavelength light, resulting in e] and _2 of 0.135

and 0.0939 respectively_ compared with 0_I20 and 0°099 in

S-19. The larger _I of both coatings compared with _2 is due

principally to the characteristic absorption of zinc oxide

for ultraviolet light at wavelengths below 4000 Ao
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F. Stabillty_.to__aSlmula!ed_SDace Envlronment

I. Prellmlnarz_S%ud!e _

The results of the _n_J_l space-simulation tests on
several sillcone coatings are glven !n Table 24. Coatings S-I
through S-5 were irradiated in the oll-dlffusion-pumped
system (Test E): S-7. 3-9 and S-10 were irradiated in the
ion-pumped system (Test I) The two methy]-phenyl silicone
paints, S-I and S-2_ exhibited sever<- degradation_ as evidenced

by the loss in reflectance at 440-m_ wavelength. Both S-7

and S-8 showed some loss in reflectance at 440-mb wavelength.

These losses appear almost as ialge as those observed in S-2_

but the ultravlolet intenslty was greater and the total

exposure was increased 50% Four methyl silicone paints_

S-3_ 3-4. S-5. and S-10 exhibited reflectance changes of

i% or less with several of the changes representing increases.

The increases are consldered to be a result of experimental

errors such as vlewlng different measuring positions on the

sample before and after exposure

Although,coatlngs 3-3 and S-5 possessed exceptional

stability to ultraviolet i_zaaxatlon in vacuum, their poor

physical plopeltles in comparison with those of S-7_ S-8_

and S-10 precluded their fur,.her consldezatlon They were

more dlfficult to apply _ they _,e_e Dr_ttle and C,,ty chec],ed at

moderate temperatures. Subsequent work wastherefore confined

to the LTV-602 and expe£1menta± metny_ slllcone resins.

2o Effect of Me/_Si

The effect of va_tying the Me/Si of methyl s11_cone resins

from 1 _29 to I_46 .is p_<esented _n TaDie 25, Sxamination of

the reflectance ann soLa_ abso_ptance changes at various

exposures "_how5 t r_:i< _ %e _./:,.l;_t_ bas_(_ o_] resins wlth lower

b'_e/31 wet 6 Su[)eL l<._

wavelengLh Thl % :Tec_'.ea_r _, _.he VLsIb=_= _a.% counterba]anced

by an anomaiou_ &_<_ !a_c _;: _:e.::i,:}ct_-_nce [n the near-infrared

sole[ region as -3b,:.;,,.':_n b'_'_,a_e ?.S _,__::e the anomaly cannot

be explained at <:/_:._ time _t _s :n[eiestlng to compare coating

3-4 wlth tne ir,c._r/=_r._c [:,a_.n_ i _see F1.gure 29) _ Resin R-I_

<.he vehicle in _-4_ hh:-:_the 3.owest _[e/'Sl, and possesses a

str'._cture which _s ._/>_e" _k_-z t::_a_L <,f <he a.Lka].l sl]icates than

any of t._e o:.he_ ex;;e_.,_m_.a_. _,eszns Furthermore, S-4_ like

Z_'2. showe<i an __;'_c:£e_a_e ir_ nea[-inf_a:ed reflectance on exposure

to _.[travio] et [a._16_u/,.<q :__ "v.:_c'<iu.:[_ R - [ was elimlnated from

further c'>n_ide[at io:: hC,'_..,._.W_.t o_caQse c,f l.tS inherent

brittleness and fail_;e _.<_<:.nLOLblC)[]9_I]y _t._e_sed to 90 ° .

I [ _'_[ Akc M tNST,TU ; E
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Table 25

EFFECT OF UV IRRADIATION IN VACUUM ON OPTICAL PROPERTIES

OF SILICONE PAINTS AS A FU%_CTION OF,.e/SI

(PVC-_ 25%)

Solar

_osure Absorn-

_aint Composition Solar Reflectance t_nc _

No. Binder lle/Si ESH Factor 440 m_ 600 m_

79.0 91.5

79.5 :C. 5

83 _0 85.5

71.0 Sl .5

80.5 98.5

78.0 97.0

81.5 98.5

78.5 96.0

96.5 91.0

82.5 98.5

80 _5 92.0

76.0 91 o5

85.5 94.0

82.0 91 o0

S-4 R-I I_29 0

300 3

0 .26

1460 9 .27

S-I '_ R-7 1.33 0 .26

615 9 .27

0 .27

1600 ii .27

3-11 R-5 1.38 0 .23

1460 - 9 .25

S-9 R-2 1.46 0

450 i0

0 .2O

1460 9 .23

105 IITRI-C207-25
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Llke palnt 3-4_, coating S-16 degraded in the visible

region but showed no solar absorptance change because It

increased in near-lnfrared reflectance The spectral

reflectance curves of S-16 are presented zn Flgule 39

The - ;";--_ "e_e t_ cf exposure to 1460 E_H on the _e[[ectance

cf coat.]ng_ .i_-jI and S-8 ale presented It, Table __D and Flgures

40 and 41 S-il _as based on a resln v_ith an _le/'Bl of i 38,

b}n_]e S-:<{ %_as D_%se:9 on _esln R-2 with an Me/Si o£ I 46.

The__e w_ llttle £.ifference in the reflectance los;{es

exh_b,zed by the two palnts as sho_m In Table 25 However,

examln,ft]on of the reflectance curves presented ]n Figuzes
-, %_40 nnr] 41 exoialr:_ the 0 03 increase in t_,< sole[ absorptance

of 3-9 compared wzth 0 02 [or S-If

Thus, :)t can be seen that the selectlon o{: [e_zn R-5

rather than R-7 rot [urther evaluation and for use as a

stock polymer _:oL mo!ecu[a[ dlstz]!atlon studies was somewhat

arbitrary T_te dec].szon was based on the suppos_<lon that.

an increase ].rl c_oss-llnkzng and :no[ecula_ we_qht probably

accompanle_ mole<ula_ dist_llatlon Such an _nc.zease coupled

w_th the [_<_ t n_.. the R-7 stock [esln _as mo!ymerlzed from

<:{_loros[]ane (see Table [.9) would pro<b._ce stlil iFio[e brittle,

':]assv resir_s. [L ',:_.I I be remembered [hat s._na1 i (racks appeared

]n coating _-20 [mases on R-7) _hen the[mai±y %]-,scked

_ _ _at.e S:L c,_ 3,,_erm_._, ,_,e/ I 3 o[ i 38 showed the best overall.

ex}_zblted s,Jpe_<:[ £eslst.ance to a s_mu[ated spdce en_zron-

mer:t but wez. e b_lttle and were subject to tOrSlO_!al failure

On <_,_= <,_hez hani_ ct.at]ngs base_ on -es_ns _,.tth _ hlgher

f'te/':31 ha:i L,<)o[ez _e_stance to u/.t[av!olet £a:ai__t±on in vacuum

and requ[:_d hz.sh['[ cu_, _,n_ temperature_ _{,_ a[_on_a].ous increase

_n [ef.l.ecranc_ <_r: _..:r<_dlation w_._ noted io_ a pa._nt based on a

[esln _'_th _an Me/'5_ {,f i 29 The anomaiy o<cu£re<_ in the

near-ir,.fra_:e9 .tec_<>n ,a[ the spectrum _r,d ccu, nte:Dalanced a

reflectance dCc;<.a<:.e In the visible zeq._on with the net result

that ILt.tie ,..:h<_r_je_r ,_o]ai absolpta_.ce occuz_ ed Thls

phe_omenon cannot L>_ <x ]lalned and was noted .t_ several zlnc

oxlde-pign_enteci _ct ...... lure s_i_ca<e paints a_. s,_

._....... [aznt_.9 Bg.ged on Reszns of Intermed!a!e_;i_eZ_Si

The eff6;cts of ultravlolet ir:adlatlor_ li_ _act_qm o_

zinc ox'_¢_e ;)a]nts conta[n:_ng resins R-7 and ] -_, wlth Me/Si

of _I,33 and .I_3 a_e p_esented in Table 26 The remarkable

stabl]_ty exhzb[te.] by these paints can be seen bY the small

changes i.n abso_ptance after. exposure to oyez 1800 SSH.

i{![ R£SEARCH INSTITUTE:
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Included in Table 26 are the changes in solar absorptance

for S-21_ whlch was formulated identically to S-19 except that

half the SP 500 zinc oxide was replaced with Eagle-Picher's 414

zinc oxide. A change of 0.005 occurred after exposure to

660 ESH This test was the only one in the silicone series

which used a zlnc oxlde other than SP 500 The results

confirm the earller findings in the work on the inorganic

coatings, namely_ that zinc oxide plgments are the most stable

class of pigments

The spectra] reflectance of S-19 before and after

exposure to both 1200 and 1800 ESH is shown in Figure 42.

4_ LTV-602 Paints and Effect of PVC

Paints were formulated from General Electric's LTV-602

polymer at 20, 25. 30_ 35. and 40% PVC in order to determine

the effect of pigment concentratlon on stability to a simulated

space environment Experimental resin K-5 was also pigmented

at different PVCs The results of exposure to a simulated

space environment are presented in Table 27 The data for the

LTV-602 paints show the dependence of stability on PVCo

Coating S-7 at 20% PVC showed an increase in solar absorptance

of 0 040 compared with 0 030-0 038 for S-13 at 30% PVC and

only 0 012 for S-26 at 40% PVC Similarly. coating S-19 at

35% PVC exhzbited a comparatively smaller increase in solar

absorptance than either S-If or S-15 at 25 and 30% PVC

re specti ve I y

The data on LTV-602 in Table 27 are plotted in Figure 43
to show the inverse relation of solarization to PVCo The

dependence of stability on PVC is more easily discerned in

less stable systems, such as those based on zinc sulfide- or

rutile-pig_ented methyl-phenyl silicones ii The zinc oxide-

methyl sillcone and the zinc 0xide-silicate systems are_ by

virtue of thelr stability, more susceptible to differences

caused by so111ng measurement errors, etc_ The spectral

reflectance curves of the LTV-602 paints at different PVCs

are _iven before and after exposure in Figures 44 through 48.

In sumr_,ary, the stab]llty of the zinc oxide-methyl silicone

palnts is directly proportional to the PVC This correlation

is less well deflned in hlghly stable systems, which are

susceptzble to soiling measurement, or slmulation discrepancies.

LTV-602-based paints whlle stable, are more susceptible to

damage by ultravlolet zrradiation in vacuum than are paints based

on the experlmental resins of lower Me/Sl

lzerlaut G A "Plgment-Binder Relationships in Ultraviolet

Irradzated Paints !n Vacuum " Preprints. Division of Organic

Coatings and Plastics Chemlstry, 40th Nationa] Meeting American

Chemical Soclety. Chlcago. Sept 1961

liT RESEARCH INSTITUTE
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5_=__F_Ifecng_qf_3oA!An_< L and Cieanlnq

The effects of varlous treatments on the ultraviolet

stabillty of three methyl slllcone palnts are p_esented in

Table 28, Soll±ng ,._as accompllshed by "rubblng '_ Duo Seal

vacuum-pump oil into the surface The surfaces were then

cleaned wlth either acetone-molstened faclal tissue or lathered

Lava soap, followed by copious amounts of tap water and a

72-hour per!oC of alr-drylng, Several speclmens of S-7 were

treated Dy heatlng In a fo_ced-alr oven for 3 hours at 400°F.

A specimen of S-7 and one of S-8 were thermally shocked

for ±u'_ ,__cie_ at onn _ _200o_ _ _h_ 3 mlnutes

Solixng and ciean_ng had llttle effect on reflectance or

ultraviolet StaDlllty_ The only exceptlon was S-7_ whlch

showed a 6_0% loss in reflectance at 440 m_ after solllng.

This loss might be attributable In part to the affinity of

the elastomexlc methyl s111cone palnt for dirt_ Because

of thls natural soillng problem and the length of time

between prepa_at±on and exposure it was necessary to clean

the 3-7 specimens before thelr initial reflectances were

measured. Thls pzoDiem was considerably less acute wlth

LTV-602 palnt S-13 pigmented at 30% PVC and was nonexistent

wlth S-27 and S-26 plgmented at PVCs of 35 and 40%_

respectlvely Coatings S-4 and S-8 which contalned methyl

s±llcone res±ns _athe_ than the elastomei_c LTV-602, did not

requlre washlng prior to irradiation except for the dellberately

solled speclmens, The effect of thermal shocklng on stability

could not be asceztalned f_om the data

The results of subsequent space slmuiatlon tests emphasized

the unde_i_ab111ty of uslng acetone as a cleanslng _gent for

space-stable coatings On several occas±ons the edges or

corners of specimens were _;__._e_ _nt _V _ < :%sebum from

fingerprints and we_e deliberately washed wlth acetone. Any

photo Vsis which oecu_ed was confLne_ to the outermost edges

and co_ne[s outs_e the [eflectometez s f_eld of vlew_ Areas

"cleaned" wlth acetone were inconslstently degraded, whereas

those solled w_th f_ngezp_ints were always photolyzed. As a

result of these experiments the only method of cleansing used

thereafter cons_sted oi washlng wltn detergent and copious

qua_t_t].es of wate,_

U[]_iI_:[] ! lee {il-_-_L!>'_,I. le£,[[l_ (e ? _,,_ u_del:go optl.cal flattening

and an _,r_c[ease _n p<,_o_,_.ty upon <:,u_±ng Even t_ough this

process m,_y inv<,:_ve <_eYmai elo,_lo[_ on the surface of the

oLganlc _)o_ _:.',..{__<_,"_: <.be __esLn the cLlred i i.I[I]S_e._e very stable

to r.}-..e_.{,'_u_ _,<{::"_) 5p_.,::e env<_onmen< see _rab].e o_,) . but their
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potoslty and their 300_F curlng requirement provlde no
advantages over the porous ponasslum silicate palnts. It

was thls porosity and the resultant susceptibility to solllng

which prompted molecular dlstlllation expeL iments with resln

R-_ The_e experiments weze aimed at the p_o_ucnlon of

hlgher-moleculartwelght resins in t_e hope that paints Dased

on them would produce g±ossy more soil-reszstant and easily

cleanab±e coatings

T._e effects of ultrav±olet izradiatlon in vacuum on the

paints based on molecularly dlstilled res±ns are presented in
Table z_ Paint 3 _

fraction ot R-5 degraded the most severely of ail coatlngs

in thls group It _s suspected that this degLada%ion was due

in part to the use ot zinc octoate cata±yst (311±cure Z-775) ,

since paint S-25 which dld not degrade as sever e±y was

formulated tro_ the same resin but was cured w±th tetrabutoxy

tltanlum Ad_ittonal evidence that zlnc oc.toate might be

detrlmental to staDil±t_ was D_,o_1_l,...iDy the results of

ir_adlation of .S-23 (cured with tetrabutoxv tltanium) In

comparlson wlth ±_rad:atlon of S-24 (cu_e .,ith Z-775).

Palnts 3-23 and 5--24 were prepared from the iower-bolllng

fraction of R-5 Th_s f[actlon was _edlstll±ed and deslgnated

R-5B These pa&nts optically flattened and Decame somewhat

porous s_mila_ to palnts formulated from the parent resin.,
R-5

_alnts 3-29 and S-31 both showed good stability and

_ema_ned Dz:ght and g_o_%y during the _es_s The_e paints

have t_e _ppea_ance of ":e£rzge_ato_ e-_m< _' and aze excep-

tlc;nally soil-zes±stant The effect of cuze on the stability

of 3-3£ _s sho_n in TaDie 29 T_e 5peclmen which was heated

for i hour at 500 ,F _n addltlun to the standard _-hour cure

at 300oF unde_,wenn less than a third the degxadatlon experi-

enced Dy the untreated (nonheated} specimen Atte_ an exposure

to f780 _3H the uhl_e_tee %pec_men underwent _n 0 020 increase

in solar _Ds_._ptance _,t,_¢ t_e specimen ne_te_ to 500°F

unJerwent an _nc:e_._se o£ only 0 006 q_e _e_±ectance cuzves

for these two p_:_ts a_e presented _n F_guze5 49 and 50

In su_azy pa:nts tormu±ated from methy_ s_i_cone

polymers up_tad_ D_ molecula_ dls_ilat_on possess excellent

glo_s, s_ll res_s_ar_ce and cleanaDl/it_ These _eslns

based on a stock p,_ly,n_ _tn an Me/3_ o_ £ 58 possess

staDii_t_es _nterme_ate between paln_s based on t_e stock

R-5 resin an_ th,.,se u_.'_ed u[_')n the ela_tume_c LTV-602

pu I Free r
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7, Miscoi]aneou.% Siil,-,-no I';)._,n)._
.............................. ; .:_ Y_ _ _ . _ r t.

The results o.[ expo_{ure or s.cve,_al m_ce_ianeous silicone

palnts are presented _n "['aD_r_ 30 [a_nr 5-_:7 was formulated

from Dow Co[nlng s 808 m_<hyt.-phenyl _es,n plgmented with

Titanox RA-NC a noncha_.king LutiLe c_tan_um dloxlde This

palnt was fc,_mu±_ted t<.>_ Lr,e Round RoDin Testing Program and

is included here for purposes ot comparison

S-19 and S-30 _ere base<i on generaJ. Electric s SR-80

and 81932 reslns respectlvej¥ SR-80 was reported to be a

purely methyl sl]icone resln containing zlnc octoate catalyst.
T) 1 &1._ _ _ _ • ......
vn..L.L,i'%qi:_ tl],c "- '...... ' - iC{)n_ _ .%m_ttlyJ '_ the

zinc oxide paint {S-[8) m_,Je from SR-130 dec:aded severely after

exposure to only i600 ._[] It :.nc_ea%ec, 40% ',n solar absorptance.

mhese d].sappolnt_ng _e_ults were art_: _bu=:ed to the zinc octoate

catalyst _c. 81932 te'_n w_,_ thc_', o)_t,-_Jno,:_ The 81932 resin

was report-e_ to be _]ent.c<-_. to 3}{-80 excep'c tnar. it did not

contain z3. nc <,cto,,t.e <a)-,-_z.ysn }'a_nt S-__(] _as formulated from

the 81932 resin _)r_ wa_> suo_,_quenr.:y fou:'/_ co degrade even

more severely than S-]:5 .r;<rc,=_,_.r_g _)4_ in _,iaL amsorptance

after only ]600 F!{_i '_he_e:<c,,.e we cc, r-_c._de__] that the resins

were not _)_l/e]._ JIC-_._'i_/.] %1 ._ _(_'c,i".e_ .l_l-fe_(;_ cray:smisslon

analyses ()f rhe_e _es_)'_ ,:,r, nc.;_ _-,h,.._,_[3U:<-ai cethyi-phenyl

structure nor u_<h rhe:_ -,o_(;_ptton st.ec_,<a match polydimethyl-

siloxane spec_.La The ao5ol pt_(.)n _pcc<;.a or 3R-80 and 81932

are Identlcai and r_ave n<_.t ?et been .r,r..e_.p: e<ed

Coatings S-28 .;r/: • _,7 were ,'-_,,,n,.._ate<_ for the purpose

of determining the dec_:ee _,f stao_i_ty of _.ut2_le paints, The

results of exp(>su_} _ <, _.,_i_ [_,v,c,,e_- it, vacuum showed the

necessity f.o_. pi.g;;_eo[. -ve_,_c_e (:(..,_._:)_nat _ons [<,/mu/ated from

mater_.a_ which @_ 6: %e_);_ ;_'.._--i.?_. :]Lie Flcures 5.1 and 52

show the L et iect_nte c n;:,r)(;e_, <_I I nese two p;-,int s

S-32 was p_,_ ..... _e_ ,_: _h r,_, _<>r;T: new I-_ _ R-900-1.

The excepttonaj . eL_c_ .:an<e T.,_.c)[>__._ t_e._: (.t r.,_;=s paint are

manlfested in the .. '_r_ "2 ot on,? 0 09g .-_n_ 0 080, respectively.

UnfortunateLy pa..r, rs [)_epa:ed tr<,:'._ R-900-i co not offer any

other advan[age ove_ Ln,_se p_gmente_ w__.n a .%tandard futile)

slnce S-32 increased G79o in soLa_ -_D:_orF, tance after only

1650 ESH 5-32 was pe[._odlcaily exam_.ne<_ v±suaily through

the quartz window due _.ng thd space-s±mu.tatlon nest and did

not appear severely deg;a,:ied ,_nr.[_ afte_ i000 E'gH afzer

whlch it began to appea_ gray compared wlth the ad3acent _

white zlnc oxide paints F_gute 52 indicates the graying

by the flat refleceance cu_.ve of: the degradec_ specimen over

a I_2- b spread. In cont).ast ).he _'_tanda&d [utlle palnts did

not gray but. ye].l.owe,-_ a.=, evi]e_c<_.i by a severe decrease in

reflectance _n the blue te.j_on around 440-m,_ wavelength.,

lit RESEARCH I NST I I"U TE
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Paints ZW-60 and ZNO-40 were furnlshed by the Jet

Propulsion Laboratory ZW-60 was pigmented with zinc sulfide

at 60% PVC_ a value which probably exceeds the critlcal PVC+

Z_O-40 was pigmented wlth SP 5oC zinc oxide at 40% PVC. Both

palnts were based upon Dow Cor,li.lg s 808 methyl-phenyl silicone

resln ) The results of exposure to IZ50 ESH show that zinc

sulfide was less effectlve than zinc oxide but superior to

futile in protectlng the vehicle from ultraviolet radiation

(compare results for S-17 in Table 30) This was not surpris-

ing in iicht of work reported previously.ll._ 12 The 0_06 (27%)

increase in the solar absorptance of rico-40 again emphasizes

the difference between phenyl-containing and purely methyl
silicone vehicles, The reflectance curves of zw-60 and zNo-40

are presented In Figures 53 and 54. respectively,

Coating Q-9-0106 was formulated by Dow Corning Corporation

at our request Dow CornineSs Q-9-0106, Q-9-0107, and Q-9-0108

are all based on a proprietary methyl J11icone RTV elasbomer and

are pigmented with SP 500 zinc oxide= futile tltanium dioxide_

anE zinc sulfide, respectively. All'three coatings air-dried

overnight to adherent_ soft_ resilient films_ The large

increase in the solar absorptance of Q-9-0108 was attributed

in part to the low PVC The change in solar absorptance of

Q-9-0107 agreed closely with that of S-28_ also a futile-

pigmented methyl elastomer Q-9,0106 compared favorably with

S-13 in reslstance to degradation, although S-13 was tougher

and less easily scratched or gouged However_ Q-9-0106 appeared

to possess less affznity for dirt than S-13

The reflectance changes of the three Q-serles paints are

presented in Fiqure_ L_, 56. 57. The reflectance increase in

the near-infrared whlcn occurs in zinc sulfide-plgmented paints

was less 2ronounced in Q-9-0108 (Fzqure 57) than in zW-60

(Figure 53), _is phenomenon has also been reported by
Cowling et al

8 4170-ESH_ T__st_I_N_o _22_31

The results of exposure of four zinc oxide-pigmented

methyl sillcone palnts to 4170 ESH of ultravlolet radiation

in vacuum are presented in Table 31 Thls was the longest

exposure to a simulated space environment of the entire program

and amounts to nearly a half _ear of 100% normal sunllght.

ow] ir}% J E et al , "The _Oeslgn of Orqan]_ Coatlngs For

b_e _r_ the Space Envlronment." Proceedln_s Coat.inqs for

the Aerospace Envlronment Report WADD-TK-60-733. Nov 9-10
[9 60

)_i!/i!i¸: _>x
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Paint S-13 increased 0.058 (18%) in solar absorptance.

Coating S-31 increased 12% in solar absorptance_ from 0.282

to 0.316, due to degradation. This specimen was applied in

a thinner coat than usual_ which probably accounts for the

unusually high initial solar absorptance.

Paint S-33 was formulated from experimental resin

R-9_ which was synthesized just prior to Test 23. The
4170-ESH exposure is the only test to which coating S-33

was subjected. The principal difference between R-9 and the

other upgraded resins was the _ressure at which it was distilled:

0.004 mm Hg for R-9 and 0.04 mm Hg for the other resins. S-33

increased only 9% in solar absorptance.

The S-33 specimen which was heated to 500°F for 1 hour

showed the greatest stability to ultraviolet irradiation in

vacuum of all the organic and semiorganic paints studied.

The increase in solar absorptance of only 0.011_ or 4.6%_

compares favorably with the best zinc oxide-pigmented

potassium silicate palnt_ which increased 0.008 in solar

absorptance in the same 4170-ESH exposure.

'T "
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L

IX_ DISCUSSION OF SPACE-SIMULATION EFFECTS

A. Testinq Procedures

1 Radiation Intensity

The tlme-lntensity reciprocity of the thermal-control

coatings of interest was studied, The effect of ultraviolet

intensity on the degradation of four potassium silicate paints

pigmented with zinc oxlde is presented in Table 32. Correspond-

ing samples were: Z69 and Z70_ Z71 and Z72, Z73 and Z74_ and

Z75 and Z76 The uncalclned SP 500 pairs were each formulated

p_p_e_ from the same batch at the same time One-inch-

square samples of the calcined pairs were obtained by cutting

a i- x 3-inch painted panel_ A significant increase in degra-

datlon was apparent at the higher solar factor, indicating that

17 suns was an unreallstically harsh treatment. These results are

inconslstent with those for samples Z62 Z64_ and Z65 listed in

Table 13; stablllty was good upon irradiation with 17.6 suns.

The effect of ultraviolet intensity on the degradation of

four methyl silicone coatings pigmented with zinc oxide and

prepared and cured allke is tabulated in Table 33,

Coating S-22 increased 36,5% in solar absorptance during

the lower-lntensity test; however, it failed catastrophically

during the 17-sun test_ S-22 was cured with zinc octoate

catalyst° The severe degradation which occurred in the

3180- and 3350-ESH tests were therefore not surprising in

light of the degradation observed in earlier tests (Table 29).

The solar absorptance of S-18 increased 69% during the

10,7-sun test and 93% during the 17,4-sun test_ Similarly_

S-13 increased 32% in sola_ absorptance at I0_7 suns and 51%

at 17_4 suns_ S-19 again exhibited exceptional resistance to

degradation; l_s solar absorptance increased only 6% in the

lower-lntensity test However_ like the other palnts irradiated

in these tests_ an Increased effect occurred at the higher-

intensity exposure: S-19 increased 12% in solar absorptance at

17.4 suns

The data in Tables 32 and 33 indlcate that tlme-intensity

reciproclty Is not valld between solar factors of 10o7 and 17.4

intensities for the coatings examined. The question of the

validity of photochemical reciprocity_ however_ was not answered_

because the observed increase in degradation may be due in whole

or in part to thermal effects or to a discrepancy in the measure-
ment of the solar factors at the two intensities. The choice of

I0 suns as the factor for later experiments may not be valid

either_ since no experiments were conducted at 1 solar intensity.

Nevertheless_ accelerated tests are imperative for obtaining

data in a reasonable amount of time.
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2. Exposure Time

3olar absorptance changes of three paints are plotted

against the logarithm of exposure (in ESH) in Figure 58. The

linear relationship between the absorptance change and the

logarithm of exposure obeys the cl_sical Hurter-Driffield
equation for photgraphic materials.

A = I" (log E - log i)

where A is the optical density; %"is the slope (the "contrast"

in photography); E is the exposure_ or product of intensity

and time (in joules)_ and i is the inertia._in joules). Hirt_

3chmitt_ and Dutton 14 and Schmitt and Hirt Ib have discussed

this relation for unpigmented and ultraviolet-absorber-contain-

ing films and Zerlaut II for pigmented films.

The slope and the inertia (the exposure intercept) are a

measure of the stability of a system. Exceptionally stable

systems possess small slopes and large inertias. While the

theoretical basis for the validity of the Hurter-Driffield

relation is not well understood even for photograohlc materials_

the relation is probably valid in part at least due to the facts

that (i) the films act as filters for ultraviolet_ with specific

extinction coefficients_ and (2) photolyzed materials generally

absorb ultraviolet more strongly_ with the result that the

short-wavelength absorption edge shif_ to longer and longer
wavelengths. For example_ Hirt et al x photolyzed a polyester

resin and examined the penetration of yellowing. They analyzed

a section of the photolyzed film with a densitometer and found

that the optical density at 4358-A wavelength varied inversely

with the logarithm of the distance from the exposed surface_

as would be predicted from Beer's law.

The usefulness of the Hurter-Driffield relation is that

it may permit extrapolation of the curves in order to determine

the most extensive damage at long exposures. More work needs

to be done on such extrapolation of data. As shown in Figure 58_

the long-term behavior of the less stable LTV-602-based paint_

S-13_ is more easily predicted by extrapolation than the behavior

of more stable paints -- especially 3-19_ which is one of the

13Mees ,, ,,C. E.K._ The Theory of the Photographic Process_

MacMillan_ New York_ 1946.

14Hirt_ R. C._ Schmitt_ R. G._ and Dutton_ W. C._ Journal of

Solar _nergy_ Vol. 3_ No. 2_ p. 19_ 1959.

15
Schmitt_ R. G. and Hirt_ R. C._ Report WADD-TR-60-704_
Feb. 1961.
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® most stable coatings studied. The scatter in the data for

3-19 precluded the drawing of a line through the points. As

discussed earlier, the effects of contamination are more

readily apparent in stable systems and are obscured in

degradable systems, where their effects are less important.
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Figure 58

EFFECT OF UV IRRADIATION IN VACUUM

ON 3OLAR ABSORPTANCE OF 3EV.I_AL SILICONE PAINTS

:!S

3. Vacuum Level

The mechanisms associated with photolysis of methyl

sllicone polymers and alkali silicates are not understood.

Photodecomposition of a molecule in a vacuum is_ in generalq

unlike photodecomposition of the molecule in the presence of

oxygen. Oxygen is a diradical in the ground state and hence

is a highly efficient scavenger of free radicals. Because the

lIT RESEARCH INSTITUTE
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reaction wlth oxygen is irreversible_ the possibility of chain

scission is much greater. In polycarbons, photooxidative

degradation is a chain reaction and therefore has a higher

quantum yield than would be expected in the _bsence of o_gen.

Although the vacuum in space is variously reported at 10 -9

to 10 -15 mm Hg_ we do not believe that the effect of higher

vacuum is significant in the study of degradation of nonmetallic

mate[ials. The vapor pressure of typical polymers o_ molecular.... _ ..... _ _ _ _-- _ ..... • _,_1 _ _ __a 1 N -_U _m _ _

so the principal effect of vacuum upon such materials is

simply the absence of oxygen. The oxygen pressure at which

a particular polymer first undergoes photoxidation as well

as photodecomposition probably varies with the nature of the

material. An order-of-magnitude calculation for a polycarbon

suggests that little oxidation will occur at 10 -6 mm Hg and

at the radiation intensities used in this work.

Assume a solar intensity of 13 milliwatts/cm 2 in the

,wavelength range between 2000 and 4000 A. Assume 75% o£ this

energy _s absorbed and that all of the absorbed radiation is
effective in breaklng bonds. Since about 60 kcal/mole is

required to break C-C bonds (and form 2 moles of C radicals) _

we can calculate the upper limit of radicals formed as:

i0 milllwatts/cm 2 = 2.5 x 10-3cal/cm 2 sec

1046 x 2.5 x I0--

24 X
1.2 x i0

X = 5 x 1016 radicals/cm 2 sec

In order to produce a similar number of collisions of 02

with such a surface_ the 02 pressure would be approximately

2 x 10 -4 mm Hg_ according to the following calculation.

The number of collisions/cm 2 sec =

where n =

velocity = 3 R T/M.

number of molecules/ml, and u =

Therefore,

5 x 1016 0 230 n/(3) (B.3 x 107 )
(300")..

= " 32V

n = 4 x 1012 molecules/ml

n u

root-mean-square

which corresponds to an 02 pressure of

(4 x 1015 ) ,(0.0B2) (30Q)
P =

6 x 1023
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P = 2 x 10 -7 atm 02 = 2 x 10 -4 mm Hg_ pressure of 02

At these radiation levels_ the reaction with 02 might be

appreciable at total pressures above i0 -_ mm Hg. At higher

intensities_ the 02 requirements will be proportionally greater.

In our equipment the intensity is from five to ten times greater
and the pressure about three orders of magnitude less_ so the

probability of oxygen scission _s negligible.

4. Bleachinq

Table 34 presents the results of 450 ESH on three paints.

Reflectance was measured immediately after the coatings were

removed from the space-simulation chamber and again after they

had been stored for about 30 days at ambient laboratory conditions.

The data show that thereflectances of S-7 and S-8 returned to

approximately their origina]]ues before irradiation. Paint

3-10 changed little in refl_ ,nce_ possibly because a temper-

ature of 450°F for 1 hour was required to cure the paint.

S-IO was formulated from resin R-4_ which has an Me/Si of

].46. R-4 was synthesized from a mixture of methyltriethoxy-

si]ane and dimethyldiethox_silane. Some surface thermal

degradation probably took place on curing_ resulting in a

decrease in Me/3i and_ to conjecture_ a matrix which was

more transparent (resistant) to ultraviolet resulted.

Table 34

CHANGES IN REFLECTANCS OF 3ILICONE PAINTS AFTER EXPOSURE

TO 450 ESH AND AFT_ER STORAGE AT AMBI_NT CONDITIONS

Reflectance_ %

Paint• No. Treatment 440 m_ 600 m_

_-7

s-8

_one 87.5 92.6

450 S_H 92.5 90.5

30 days in lab 86.5 92.0

None 80.5 92.0

450 ESH 76.0 91.5

30 days in lab 84.0 92.0

None 77.0 87.5

450 I_H 77.0 87.0

30 days in lab 7S.0 87.5

S-10

liT RESEARCH INSTITUTE
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The recovery or bleaching reactlon, of discolored paints

is demonstrated in Table 34, An explanation of this bleaching

phenomenon may be that a large portion of the yellowing of the

surface is due to trapped free radicals that are subsequently

destroyed by Interaction with oxygen in a manner which is

analogous to photolysls in the presence of oxygen. The

bleaching Is rate-controlled by the diffusion of oxygen into

the materlai_ Experlence has shown that the bleaching is

inhlbited by refrigeration and exclusion of light_ particularly

sunlight and light from fluorescent lamps

The bleaching reaction was a problem only in the evaluation

of degradable systems_particu!ar!y when solar absorptance

increases were 0 I0 Or greater. Bleaching of zinc oxide-

pigmented methyl sllicone and potassium silicate coatings

was not observed durlng the first hour or more after removal

from the vacuum chamber, Therefore the exposed samples were

kept in the dark until the±r reflectances were measured. The

visible reflectance was measured first_ because bleaching

occurs in the vicinlty of 440 m_, The visible reflectance of

the speclmens was always measured within an hour after removal

from the _simulation chamber.

The AH-6 lamp in the ion-pumped chamber was often turned

off and the samples visually examined through the quartz window

at the completlon of a simulation test while the vacuum was
still in the range of i0 -_ torr Without exception_ the

zinc oxide-pigmented methyl silicone and potassium silicate

palnts were white and undamaged_ but the ad3acent degradable

systems -- rutlle- and zinc sulfide-pigmented methyl-phenyl

silicones, rutlle-p±gmented methyl silicones, rutile-pigmented

epoxles_ and perhaps most significantly_ zinc oxide-pigmented

methyl-phenylsl_Icone_--_ere yello';and severely discolored.

B. Photolysis Mechanlsms

i° Plqment

Much has been learned about zinc oxlde and other oxides

through studies of catalysls and photoconddctlvity, but rates

of separation of photolyzed metal and oxygen are not known.

It is conceivable that solar radiation might produce negligible

photolysis, even in the high vacuum of space>

To prevent undesired photolysis> the problem is essentially

the opposlte of trylng to make a good photoconductor or semi-

conductor Light produces an exclted state oz nonequilibrium

condltlon whlch perslsts for a relatively long time in a photo-

conductor° During this tlm_ atoms in the lattlce may diffuse

to more stable sltes, For exampie_ silver in silver bromide

diffuses toward segregated silver metal particles_ which grow

lIT RESEARCH INSTITUTE
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as photolyszs p[oceeds, If the diffusion of the silver were
more restricted_ the photolysis would be less efficient. A
zlnc oxide of high solar stability should therefore be a poor
photoconductor_ and the diffusion rate of excess zinc (actually
interstitial Zn_) should be low

In the following discussion zinc oxide is used as the
prime example because it has been studled more than any other
metal oxide_ but the principles involved apply to magnesium
...... 7 .................... _ .................... 7 ...................

suitable for plgments, A consistent picture of zinc oxide

behavlor has been worked out only in the past few years.

Colllns_and Thomas 16 have analyzed the behavlor of zinc

oxldeo It _ normally an n-tvDe conductor, When its surface

absorbs oxygen_ a negatlve surface layer composed of oxygen

ions forms and an electron depletion laver or space charge

develops below the surface_ Dlffuslon of photolysis products

proceeds zn this depleted layer, On the other hand_ when the

surface is reduced with hydrogen or absorbs zinc atoms_ a

conductive "enrichment" laye[ wlth a high concentration of

donors forms near the surface_ An enrichment layer having

the same characterlstzcs can be produced by photolysis. The

light produces hole-electron pairs whlch break up and diffuse

In the surface field, The holes discharge surface oxygen ions

and generate oxygen molecules which then evaporate. Further

photolyszs releases oxygen from the latLzce and leaves excess

zinc. Thls zinc _emains dissolved in the lattice_ at least

in the early stages of photolysis_ as Interstitial Zn + ions.

These ions are not stable in the presence of oxygen> and they

are concentrated in the centers of the crystals. The high

free-electron concentratlons that are generated by light tend

to discharge Zn _ ions and precipitate zinc metal_ but other

factors may hinder this reaction= The rate of diffusion of

the Zn _ is particularly Important,

Past work on the photolysls of silver Dromlde is helpful

in analyzing posslDle mechanisms in plgments_ Large single

crystals of oxides show less photolysis than powders subjected

to the same exposure_ In silver halides the silver ions near

imperfections or surfaces are more vulnerable to reduction by

free electrons generated by light than silver ions at normal

lattice sites° These surface ctr imperfection effects could

be important in the photolysis mechanisms of oxides, At one

surface, free oxygen may be generated; at another surface less

exposed to the light or more favorable for metal separation_

the free metal may separate, In other words light generates

..../

16Collzns_ R, Jo and Thomas_ D, G_ Physical Review_ Vol. I12_

p. 338, 195S,
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electric field and concentration gradients which are equalized

by the separation of the elements in the oxide. In fact_ an

analogous argument can be advanced for the reason why quartz

windows are virtually unaffected by ultraviolet irradiation in

vacuum but powdered quartz (silica) is severely degraded. A

similar argument can be advanced for magnesium oxide windows

versus magnesium oxide powder.

In silver bromide the photolysis is sensitized by small

islands of silver sulfide_ gold_ or silver itself. These

islands trap electrons_ which later reduce silver ions.

Trapping is important because it increases the lifetime of

chemically active excess carriers. When zinc oxide is made so

that small islands of zinc metal remain in the oxide crystals_

these crystals might be unusually sensitive to photolysis.

This sensitivity could mean that once photolysis produces

metal_ further photolysis of the satellite coating might be

rapid and catastrophic.

We studied methods of detecting small traces of excess

metal in oxides or other systems for the specific purpose

of evaluating pigments and photolysis mechanisms. The two

methods we found to be most applicable are described in

Section X on related investigations.

In pigment-vehicle systems the vehicle can be oxidized by

the oxygen that is generated by photolysis. Peroxide ions may

be involved_ but the mechanism is the same. In silver bromide-

gelatin emulsions bromine attacks the gelatin or is removed

by developing chemicals. If the anionic element could be

kept from reacting with the vehicle or from diffusing out of

the paint_ increased stability would result. Experimental

data on the diffusion of oxygen through organic membranes_
which are similar to the vehicles used in paints_ show wide

variation. In space_ such diffusion could be a limiting

factor in photolysis of a coating. If the oxygen in zinc

oxide paints did not escape but reacted instead with Zn @ ions

or free zinc that was produced in the lower or back parts of

the coatings_ the net result would be a conversion of light

into heat.

When zinc oxide crystals are exposed to zinc vapor at

elevated temperatures and cooled rapidly to room temperature_

they acquire a red or yellow color due to "dissolved" excess

zinc. From conductivity data_ Thomas 17 determined the

concentration of excess zinc in equilibrium with zinc metal

at temperatures of 450 to 700°C. Data from his plot of

solubility (in atoms of excess zinc per cubic centimeter of

the crystal) are recorded in Table 35.

/

17Thomas_ D. G._ The Journal of Physics and Chemistry of Solids_

Vol. 3_ p. 229_ 1957.
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Table 35

SOLUBILITY OF ZINC IN ZINC OXIDE FROM SATURATEDVAPOR

Concentration
Temperature_ of

°C Zinc Atoms

800 3 x i0 _°

600 6 x 1016

500 2 x 1016

400 5 x 1015

300 8 x 1014

162 1013

72 i0 II

/

Photolysis by light in a vacuum can produce the same

excess zinc concentrations, When crystals which have been

exposed to zinc vapor are quenched_ why does the zinc not

segregate? The diffusion coefficient for interstitial excess

zinc in the temperature range from 180 to 350°C is given by

Thomas as:

D = 2.7 x 10 -4 exp (-0 55/k T)

where k T is in electron volts.

At 300°k D 7 3 x 10 -14 For a sphere of radius 10 -5 cm

around a zinc metal particle_ the concentration gradient might

be about 1022 atoms of interstitial zinc per cubic centimeter

per centimeter in photolyzed material° Such a gradient could

exist over a distance of 10 -5 cm between yellow zinc oxide

and the surface of a segregated zinc particle. This condition

corresponds to a transfer rate of about 0.02 atom of excess

zinc per second to the zinc particle. A _inc particle of

100-A radius would require about 1.2 x i0 _ seconds_ or 140 days_

to build up these conditions. In other words_ if nucleation

started_ darkening due to metal separation could develop over

a period of months at 300°K. This slow diffusion rate of

interstitial zinc may be responsible for the apparent stability

of quenched zlnc oxide crystals that contain excess zinc.

However_ the possibility of diffusion of oxygen should be

considered also_ liT RESEARCH INSTITUTE
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Particularly szgnlficant is the effect of interstitial
"zinc produced by photolysls on the lifetime of excess carriers
generated by light, Although a hole has the same positive
charge as interstitial Zn_ high polarization effects around
an interstitial Zn_ may favor hole capture and recombination.
If this as the case the stability of zinc oxide in light
may stem from this increased recombination after a certain
concentration of interstitial Zn_ is produced by the light,
In magnesium oxlde alumlnumoxide, and zirconium oxide_ which
are more easily ph6toiyze_ hy !lght_ ln_r_l_i_l _i_n_

are not readily formed_ elther because of the compact lattices

or because of the large slze of the Zr _ cation. This means

that magnesium aluminum and zirconium are not as soluble

zn their oxides as zinc is in zinc oxide Since there are

ways of reducing excess carrler lifetime by adding impurities

different from the host cation_ the addition of impurities

zs of interest Such methods have been tried_ but much work

remains to De done on correlation wlth the types and quantities
of zmpurltles added

2,: Binder

Since the predominant photochemical reactions in a high

vacuum are cross-linking and color center formation_ large

changes in the physical properties of plastlc structural

members wlli not occur in a vacuum_ partlcularly in the

absence of any accompanying thermal effects_ Thus_ for

polymeric materlals which do not undergo catastrophic

main-chain cleavage_ the predominant physical changes will

be discoloration and surface embrittlement as a result of

cross-linking The cross-linking can be considered as self-

limiting, slnce the polymer material acts as a filter which

possesses a hlgh extinction coefficient for ultraviolet_

particularly for the more damaging_ shorter wavelengths.

Thus the primary concern in the utilization of pigmented

organlc_ semzorganzc_ and ±norganic coatings for the purposes

of spacecraft thermai control as the prevention of color

center formation (i e_ _ coloratlon which _ncreases the solar

absorptance) The secondar7 concern is the prevention of

erosion of the surface due to main-chaln cleavage_ side-chain
cleavage_ or both

The azm of photochemical investlgation is to determine

the mechanl_ms assoclated with the chemlcal change which

occurs when a substance absorbs ultraviolet light° The

reactions are compiex_ and the actual change measured is

$eldom that produced by the primary process of light absorption.

Therefore at is necessary to distinguish between the "primary"

effect of ultraviolet and the "secondary" thermal reactions

which follow. The frequent production of atoms or radicals

an photochemical processes leads to extremely complex secondary
_eactions

liT RESEARCH INSTITUTE
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The basic difficulty in studying the formation of radicals

Jn solids was pointed out by Pr_nck _n_ Rabinowitch_ I_ who

discussed the cage effect. This effect_ often described as

the Rabinowitch cage effect_ is associated with the framing

of a free radical by its surrounding molecules in such a

way that free-radical recombination prevails. Such an effect

may account for the fact that the gamma irradiation of higher

hydrocarbons at 77°K results in the cleavage of C-H rather

than the weaker C-C bonds.]9_ 20 That is_ the cage effect

m_y permit the diffusion of hydrogen and simultaneous trapping

_m ...... tly .....,_ t]_e larger car .... L_±ca±s_ which _ubsequen r_como_ne.

The predominant reaction in the photoinduced decomposition

of polymers in the presence of oxygen is oxidative_ unless

the polymer unzips to yield monomer. The quantum yields in

t he absence of oxygen are much lower than in its presence_

due to the cage effect. When C-C bonds are part of the

polymer backbone_ they cannot diffuse away rapidly enough

and_ as a genera] rule_ recombination and cross-linking occur.

[_y contrast_ when a C-H bond is broken_ the hydrogen atom

forlned is highly mobile and the statistical probability of

recombination is reduced. Thus_ the eventual reaction is the

!,[oduction of a molecule of hydrogen and the formation of a

_ew cross-link_representJng the combination of two volatile

(hydrogen) fragments and two regidual_ nonvolatile fragments_

r_gpectively. This does not preclude the existence of various

chain transfer steps as intermediate reactions_ but these do
not contribute to the net reaction.

I i
RC-CR _ hv---'+ RC" + "CR-----'_ RC-CR -_ A

I 1 I , ,

RCH + hv RC" + "H

(1)

(2)

(3)

(4)

Thus_ the creation of stable molecular species is

encouraqed by: (a) back reaction_ (b) cross reaction_ and

_iiiiiiiiiiiiiii_ii!iiiiiiiiiiii_

iBFranck_ J. and Rabinowitch_ E. _ Transactions of the Faraday

Society_ Vol. 30_ p. 120_ 1934.

19Norman_ I. and Porter_ G._ Nature_ London_ Vol. 174_ p. 508_
1954.

20

Smaller. B. and _:atheson_ M. S.; The Journal of Chemistry

and Physics_ Vol. 23_ p. 1169_ 195B.
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@
(c) molecular rea[rangement. Should the higher-molecular-

weight radical (R(_" or "_-_R in Equations 2 and 3 be sufficiently

immobilized_ or tr_pped_ the possibility of providing a perma-

nent color center im the ab_;ence of oxygen or a similar

reactive substance is _Dparent. Lawton et a121 claim that

radical trapping in polymer systems occurs under three con-

ditions: (a) within the crysta]l_tes of the polymer_ (b) in

the _morphous phase below the q]_ss transition temperature_

and (c) in heavily cross-linked polymers_ because they may

be attached to a network structure in a position in which

In the presence of oxygen_ the possibility of chain

scission is much greater_ due to the irreversibility of the

reaction with oxygen. Horeover_ this is a chain reaction

and can therefore be expected to have a higher quantum yield.

RC-CR + hv RC"

" _ RCOO"
RCL + 02 I

RCO0" + HCR' _ RCOOtt
I I I

I I

R'C" + 02 -- R'COO"

f

"cR (5)
I

(6)

+ R'C" 17)
I

etc. (8)

Miller 22 has shown by electron spin resonance that

irradiated polyvinvl chloride which has been exposed to air

loses radicals at a far greater rate than samples treated

similarly in a vacuum. Chapiro 23 reports a lack of coloration

of the material when it is exposed to air and attributes it to

the formation of the peroxy radical. St. Pierre and Dewhurst 24

found it possible to totally inhibit the formation of C-C

cross-links by the introduction2_f sufficient oxygen. These
same authors_ in another paper_ describe the oxygen termination

21
Lawton_ E. J._ Balwit_ J. 3., and Powe]l_ R. S._ Journal of

Polymer Science_ Vol. 32_ pp. 257 and 277_ 1958.

22Miller, A. A._ Journal of _hysical Chemistry_ Vol. 62_

p. 1755_ 1959.

23Chapiro_ A., The Journal of Chemistry and Physics_ Vol. 53_

p. _95_ 1956.

243t. Pierre_ L. E. and D__-whurst_ H. A._ The Journal of

Chemical Physics_ Vol. 2'9. p. 241_ 195'3.

253t. £;ierre_ L. E. and Dewhurst_ H. A._ Joucn of fhysical

Chemistry_ Vol. 64, p. i060_ ]960.
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© of free radlcals in irradiated siloxane, They found a

car boxyllc acld and two types of peroxides were formed during

radiolysis of hexamethyldisiloxane:

CH CH 3

CH 3- Si-O-Si-COOH! I

CH _ CH_
J

o=: %=
CH3-Si-O-Si-CH_-O-O- _l -CH 3 CH_-Si-O-Si-O-O-CH_

CH 3 CH 3 C[I? CH 3 CH 3

The foregoing analysis provides a general picture of the

various possible photochemical reactions and their complexity_

aaainst which the results of this program can be evaluated.

Upon irradiation with ultraviolet in vacuum_ the methyl

silicones proved to be among the most resistant materials

known. This is not surprising_ since short alkyl groups

(e.g._ methyl) are inherently more transparent to extrater-

restrial ultravlolet than both longer-chain alkyl and phenyl

groups. Finally, the -Si-O-Si-O- backbone possesses a

quartzlike structure which is both relatively transparent

to ultraviolet and at the same time is thermally resistant.
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@ X. DISCUSSION OF RELATED INVESTIGATIONS

A, Photolvsis of Zinc Oxide

A better understanding of the photolysis mechanism in

zinc oxide could lead to much Improved stability of zinc

oxide, titanium dioxide_ zirconlum dloxl_e an_ other

high-index pigments. The first step is to be able to

quantitatively measure the degree of chemical _notolysis.

The optical effect of reduced metal "dissolved" in a lattice

as defects is distinctly different from the optical effect

of segregated metal particles. Oxides that dissolve excess

metal and those that do not may have the same degree of

photolysis_ as measured by chemical analysis, but a large

difference in optical properties. Variations in the

impurity content of the same oxide can also be expected.

In addition to defining the difference between dissolved

and segregated metal_ we also are interested in reducing the

efficiency of the photolysis itself. If the photon energy

can be converted more effectively to thermal vibrations_

less chemical and optical degradation will result. The basic

idea is to make a poor photoconductor by introducing recom-
bination centers for excess electrons and holes.

T_¢ methods for measuring degree of photolysis were

explored° One depends on the reducing action of zinc and
other metals on nitrites The other involves the reaction

of the metal wlth an acid to produce traces of hydrogen_

measured in a precision volumetric vacuum system.

i, Method 1

The nitrite reduction method was tested and looks

promising for compounds containing excess zinc in the range

of parts per thousand_ The metals above hydrogen in the

electromotive serles reduce the nitrite ion when dissolved in

dilute acid. Under optimum conditions_ which have been

established for small quantitites of free metal_ the reduction

is quantltatlve_ If the amount of nitrite ion is stoichio-

metrically in excess of the metal_ it is possible to determine

the metal by an indirect spectrophotometric method.

Muc_ work has been done at IITRI on nitrites in azides.

The n-(l-naphthyl)-ethylenediamine dihydrochloride and

sulfanilic acid reagent is a sensitive colorimetric reagent

for nltrogen dioxide or nitrite ions in azides in parts per
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® 26,27
mllllon. The Leagent-nltrlte ion complex is a stable

red-violet color The intensity of this color Is measured

at 550 m_, The fact that traces of n±trlte Ion can be

separated from the azlde by uslng thls reagent makes possible

some Interestlng techniques, since nltrlte salts and acid

in solutlon Immedlately react wit_ azi_es T_Is reaction

Is the basis fo[ a quantltatlve determlnatlon o± azides. 28-30

Trace quantltles of free metal In a metal oxide are

difflcuit tc ]eLect and are below the sensltlvity range of

x-ray techniques. When an acld such as hydrochloric acid

reacts with a metal according to the dlsp!acement reaction.

hydrogen is released_ whlle the acid reaction with the metal

oxide ylelds watez:

M _ 2HCf .....9 MCI 2 • H 2

MO _ 2CHI .... 9 MCI 2 + H20

Hydrogen in the nascent state Is a st[ong reducing agent and

reduces nltrogen and nitrogen compounds to ammonia.

The color zntensity of the n-(l-naphthyl)-ethylenediamlne

dihydrochlorlde and sulfanillc acld reagent in the presence of

the n_tr_te ion is proportlonal to the concentration of

hitrlte _on present The basls for the analytlcal procedure

is that the amount of metal dlssolved zn excess acid is

dlrectly proportlona± to the hydrogen released_ and the

decrease In absorbancy of the reagent-nltrite ion complex

is propoztlonal to the hydrogen formed_ Therefore it is

proportional to the amount of metal dlssolved,

Prellmlnary exper±ments using known _antities of finely
dlvlded zlnc metal and zlnc oxide indlcated the soundness of

the analytlcal p_oceduze_ Flguze 59 shows the decreasing

263altzman, E_ _ Analytical Chemistry Voi, 26 p_ 1949_ 1954.

27Combs, H F and Grove E_ L,_ Talanta_ Vol, 9_ p. 453_

28Reith, J_ F_ Dlsse_tation Utrecht 1929,

29Kolthoff_ I 5[ and Belcher, R. "Volumetric Analysls_"

Inters_zience Publ_shers_ Inc,_ New Yo_k Vol III, p. 661_

1957

30Relth_ J. F and Bowman_ J. H. A., Pharmaceutlsch Weekblad_

Vol_ 67_ p_ _7_ 1930

1962.
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ebsorbance with the increase in zinc. The unirradiated 3P 500
zinc oxide possessed 2596 ppm of Zn° (_iatthey 3pec pure zinc
oxlde contained no excess zinc). After 49 hours of irradiation

in vacuum (AH-6 lamps at 5 cm distance from specimen) _ the

zinc oxl@e contalned 3795 ppm Zn °, or an increase of 1199 ppm

exce_s zlnc due to ultraviolet irradiation in vacuum. Some

addltional work is needed to perfect the techniques and to

secure purer reagents.

2o

I

>, Iq
0

L_

o
i0

I

0

O

I
2 0 30 40 50 60 7 0 80 90 iO

mq

Figure 59

CALIBRATION CURVE FOR SPECTROPHOTOMETRIC DETERF_INATION

OF Zn ° IN ZINC OXIDE

These prlnclples and the Droposed procedures should

also be usable wlth Sn-SnO 2 and other systems that undergo

the displacement reaction with hydrochloric or sulfuric

acld. Presently one of the major difficulties is obtaining

reagents of the desired purity.
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E x_e[_mf-_t_al. A s_ries of standards of pure metallic zinc (200 mesh)

ranging from ].5 to 9.0 mg plus 500.0 _ 2.9 mg of Matthey 3pec pure zinc oxide

were p]aceI in ]O0-ml _]essler %,ibes. i_×actly 20.0 ml of standard NO_ solution

(0.005 mg N/m|) wa_ _dded to each. Four ml of ] :] HCI was then added. Boiled

and cooled distilled water was added to each tube to the lO0-ml mark, The

tubes were then closed with corks covere_ w_th Saran Wrap and w_.r_ inverted

several times to mix the contents thoroughly. Checks were set _,. on 500 mg of

the ZnO and the HCf alone without any metallic zinc to observe the effect on

the standard NO2 solution; 500.0 % ].0 mq of the radiated and nonradiated ZnO
were treated the same as the standards. The tubes were allowed to stand for

48 hr. Ten-ml aliquots were then withdrawn and transferred to lO0-ml volumetric

flasks. Final]y_ the NO_ nltrogen remaining in the standards_ the checks_ and

the unknown samples was determined spectrophotometrlcally by the n-(l-naphhyl)-

ethylenediamine dlhydrochloride and su]fanl]ic acid procedure. The results

are tabulate] In Table 36.

Table 36

Dn_ERMI_JATION OF EXCES_ ZINC IN Z_t_C OXIDE

] : ] HC] _ NO2 Std. _ Absorpancy

ZnO Zn ml m] at 5QQ m_

500.3

_ol I

502 3

50] q

502 9

501

501 0

B00.R

500.4

4 20 0.195

].5 4 20 .165

2.2 4 20 .150

3.6 4 20 .120

4._ 4 20 .095

7.1 4 20 .065

g.O 4 20 .013

Control 2 20 .195

_lot irradiated 4 20 .167

Irradiated 4 20 0.155

2 _ietho_ 2

The procedure used was developed by Allsopp_ 31 The sample

is dissolved in hydrochloric acid in a vacuum By this means

solzd zznc oxlde is completely broken down gzving the excess

metal the opportunzty to react wzth the acid and to form an

equlvalent amount of hydrogen The acld is evaporated to

ensure that all the evolved gas ls released Hydrochloric

acld vapozs a_e condensed zn llquld nltrogen traps, and dry

hydrogen chlorlde zs absorbed by soda asbestos The pressure

of the evolved gas zs measured by a Plranl gauge. Any oxygen

present Is allowed to zeact wlth the hydzogen on a platinum

fllament at 600°C. and the pressure drop is measured. The

remaining hydrogen Is dlffused Into the atmosphere through

a palladlum tube at 350°C, and the pressure drop is again

measured. The total hydrogen present Is found from the

two pressure changes, and the zznc equlvalent is then

calculated.

31Allsopi?, Analyst, Vol. _2, p. 474, ]957.
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@ Figure 60 is a diagram of the apparatus_ and Figure 61

is a photograph of the system we constructed. The apparatus

consists of two parts_ a reaction system and an analytical

system. The reaction system consists of four bulbs_ which

can be cooled with liquid nitrogen. Bulb 1 is provided with

a side arm which houses the sample and a sealed glass tube_

filled with iron powder_ which acts as a pusher. Bulb 2

is provided with a side arm through which 5_A v/v hydrochloric
acid can be added. Both side arms are sealed with a torch

after the sample pusher and the acid are in the system. The

reaction vessels are connected to the main apparatus by a

cone-and-socket joint_ then to a mercury-vapor cold trap (I)

and tap (T]). and then to a three-stage mercury diffusion

pump (PI)" This pump transfers the evolved gases from the
reaction vessels to an analytical system containing a palladium

tube_ a platinum filament_ a Pirani gauge_ a soda-asbestos

bulb_ a McLeod qauge_ and a cold trap (2). The palladium

tube_ soda-asbestos bulb_ McLeod gauge_ and cold trap can be

isolated from the analytical system by taps. A second mercury

diffusion pump (P2) is used to evacuate the whole system

and is backed by a rotary oil pump. When necessary_ the

reaction vessels can be directly evacuated by this backing

pump via a tap (Tu).

B. Physical Sensitivity of Zinc Oxide

Yellowing of zinc oxide coatings was produced by various

treatments: scratching of the surface_ grinding with an

agate mortar and pestle_ and comPacting at high pressures.

This discoloration was not apparent on the bottom surface of

the coating adjacent to the substrate when the coating was

removed in one piece.

Pellets of SP 500 and E-P 730 zinc oxide were compacted

at pressures of i0_000 and 50_000 psi. The yellowing phenomenon
is evident from the total reflectance measurements listed in

Table 37. A Photovolt photoelectric reflection meter utilizing

a green filter was used for the reflectance determinations.

The samples were heated for 16 hours each in various atmospheres:

argon with titanium sponge in the system_ argon_ and oxygen.

When heated in the argon-titanium sponge system_ a startling

color change to a blue-gray occurred in SP 500 and a slight

graying occurred in E-P 730.

_ _i̧_ !_
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REACTION AND ANALYTICAL SYST_4 FOR DETERMINATION
OF INTERSTITIAL Zn • AND EXCESS Zn ° IN ZINC OXIDE
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TaM e 37

RI';FI,ECTANCE OF ZINC OXIDE PEL][,I']TS
FIRED AT 500_'C IN VARIOUS ATt'IOSPIIERES

_Rs_flectance e[ SP 500___",4 Reflectance of E-P 730_ %
Atmosphere _-9 _-0-p-0.._/is_! .59a9 0_0 m.{! .!.9.._0_00_0__t?S_t 50_9__0009_p__

As pressed 99.5 95.5 81.5 76.5

Argon-tltanium sponge * 19.0 * _/4.0

Argon 6_. 5 59.0 78.0 68.5

Oxygen 9S. 5 99.5 86.0 81.5

These samples were not measured: they were similar in color to their
50,000-psi counterparts.

: /

Examlnation of the titanium sponge: which was incorporated

in the _ystem to remove traces of oxygen in the argon, revealed

considerable oxldatlon Heatlng of the discolored ZnO pellets

in air at 500°C for I hour restored them to their orlginal

color. Evidently the use of the sponge as an oxygen getter

wlth argon ylelded an atmosphere conducive to reduction of

zlnc oxide. Removal of titanlum from the system did not

completely ellmlnate this reduction_ as seen in the value

for the argon run in Table 37. Again, SP 500 was more sen-

sitive to oxygen removal than E-P 730. An oxidizing atmosphere

part_ally bleached the SP 500 plgment and to a more marked

degree bleached the 730 pigment. ThQs, the yellow color

appears to be due to interstitial zlnc or oxygen ion deficiency.

<

C_a_ B i nder-Rx__ch___Lay__r__s _[_G!o_ssl

A protective effect of increasing PVC on ultraviolet

stability was demonstrated, Yellowing of zlnc oxide plgments

was shown to be inversely dependent on PVCo Since ultraviolet

damage occurs only in the outermost layers (approximately 5 _)

of these paints and slnce some pigment proDably settles before

the vehicle "sets," an unprotected, plgment-defacient (glossy)

layer mlght contzibute to the observed degradation.

Accordlngly, an experiment was deslgned to determine

the extent of the contribution to degradatlon of a pigment-

poor laver, if present, For the purposes of deflning the

problem, a moderately degradable palnt was chosen rather

than one of the more _table coatings. Four I- x 3-inch

aluminum panels were abraded and coated with palnt S-I, a

zinc sulfide methyl-phenyl slllcone wlth a PVC of 40%. The

coatings were applied stthlcknesses m excess of 3 mils_ allowed
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to alr-dry for 24 hours, and then baked at 300°F for 16 hours

an_ at 400°F for 2 hours. Two of the coatings were gently

scraped wlth a razor blade in order to remove the top layers;

approxlmately 0.5 mll was removed.

The results after exposure to a slmulated space environ-

ment are presented in Table 38_ The data indicate that a

plgment-deflcient glossy layer was originally present and

that xt contributed significantly to the degradation of the

untreated samples. The higher reflectance of the scraped

samples than that of the untreated samples before exposure
_mu_un is further _-__- of _to space _" "_-_^ _,__ _,e existence of

a binder-rlch layer_ Whlle the existence of a binder-r_ch

layer is not as serious xn the more stable zlnc oxide-pigmented

methyl silicones (e.g. _ LTV-602) _ it will be signlficant when

such paints are exposed to4C00 or more ESH_

Table 38

EFFECT OF REMOVAL OF GLOSSY LAYER

ON REFLECTANCE OF PAINT S-I

Glossy__La_

Present

Present

Scraped off

3craped off

Exposure, Reflectance_ %

ESH 400 _ 440 m__ 500 m_ 600 m_ 700 m_

0 72,0 83_9 88_0 87.6 59.0

315 35.5 50°8 68°6 81.5 59.2

0 72.0 82 5 _5.0 83.5 58.8

315 39.0 53,2 68_5 78.2 58.0

0 75.0 86°4 89_3 88.7 60.0

315 51,2 66.2 78,6 85.4 60.0

0 73.0 84,,1 86°3 _ 84.7 59.5

315 44.5 59_0 73°0 30.5 58.5

D. Composlte Coatlnqs

Com2ositeinorga_ic-organic coatings were of interest for

combining the advantageous properties of the respective layers_

foe., the space stabllity of a ceramic paint and the physical

propertles of a polymeric coatlngo The organic layer also

provides a protectlve film on aluminum for aluminum phosphate

paints.
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Wetting of various organic coatings with silicate formu-

lations was aided by lightly preblasting with fine silicon

carbide. An alternative method of application for phosphate

paints was to smear the organic with a thin coating of the

inorganic_ followed by drying. This procedure produced a

wettable_ adherent film.

Other methods were attempted to obtain improved wetting.

Incorporation in ceramic paints of water-soluble organic
_rface tension depressants vo!_ti!e below 300°F was ''nQ''_QQ--

ful; morpholine_ acetic acid_ N-propylamine_ and alcohols all

gelled the silicate solution. A monomolecular layer of a

wettiqg agent_ Ultrawet_ on the primer permitted excellent

wetting but acted as a parting agent on heat-curing. Some

polymers were prepared with asbestos fibers to make them

more receptive to the ceramic formulations. Wettability

was only slightly improved_ however. A definite deficiency

of this technique was the difficulty encountered in achieving

a desirable paint texture.

A common difficulty encountered with combination coatings

was the tendency for the ceramic to craze on curing_ a fault

less pronounced in phosphate compositions than in silicate.

Crazing was probably due to non-uniform shrinkage resulting

from incomplete wetting.

Composite coatings with an organic as a protective

strippable topcoat was an attractive possibility. The polymer

_nvestigated was an SP 500-pigmented LTV-602 silicone elastomer

which would leave a relatively stable residue_ if any_ when

removed. The porous nature of the inorganic silicate coating_

however_ permitted wedding of the two layers_ and the coating

was no longer strippable. Permeation was reduced slightly by

brushing or trowelling the e]astomer rather than by spraying.

_ Anomalous Deqradation

An experiment was designed to determine the nature of

the anomalous failure of the otherwise stable LTV-602-based

paints when applied over a futile-pigmented topcoat. This

anomaly is described pictorially in Figure 62.

The dual-co_t _ystem was prepared in an attempt to

utilize the reflective characteristics of hlgh-refractlve-

index futile titanium dioxide pigment and subsequently to

protect it with a layer of stable zinc oxide-plgmented methyl

silicone resin. The futile paint_ S-14_ is based on 806A

phenyl-methyl silicone resin and was formulated at a PVC of 30%.

The LTV-602 paint_ S-13_ is pigmented with zinc oxide_ also at
a PVC of 30%.
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Aluminum substrate

Figure 62

ANO_IALOUS FAILURE OF DUAL-COAT REFLECTIVE PAINT SYSTEM

All tests resulted in severe discoloration of only the

top outermost layer of 3-13. The elastomeric S-13 was peeled

from the hard, glossy S-14 primer. Examination showed that

neither the underside of S-13 nor the surface of S-14 were

affected in any way by the irradiation. This result prompted

the following experiment.

Three specimens were prepared as follows. Two panels were

each painted with about 3 mils of a rutile paint designated

3-17 (45% PVC). One panel was painted with S-13. One of

the two rutile paints was then given a 3-mil topcoat of S-13.

The rutile substrate had been baked for 1 hour at 500°F.

Figure 63 shows the anomalous degradation which occurred

when the "stable elastomeric" coating was used over the unstable

rutile paint. Subsequent tests showed that a stable resin-based

zinc oxide paint (S-20) also degraded more severely when used

as a topcoat over S-14_ the rutile paint pigmented at 30% PVC.

This phenomenon cannot be explained in terms of our experience
with these materials_
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F. Attenuated Total Reflectance

This new and potentially very useful technique is based

on the variatlon of the refractive index in the region of an

absorption band It is well known that total internal

reflectance occurs when a beam of light crosses an intertace

at an angle greater than the critical angle. This angle is

determined by the ratio of the refractive indices of the phases

which form the interface_ and total internal reflection can

only occur when radiation passes from a medium of high

refractive index to one of lower refractive index. Therefore

the crltiCal angle varies with the refractlve index of the

second phase_ if the refractive index of the first phase

remains constant. Since the refractive index of a substance

is anomalous in the region of an absorption band_ it is to

be expected that the reflectance of light near the critical

angle will be a functlon of the absorptlon spectrum of the

second phase_

3ince attenuated total reflectance is an interfacial

phenomenon_ it is sensltive only to the surface composition

of the second phase. This is a partlcular advantage in the

study of photoly_is of solid materials, since the reaction
has been shown to be confined to the surface of the material.

Even if the coatings of interest to this project were trans-

parent to infrared radiation (which they cannot be because ofthe

requlrements of hlgh emittance), a conventional transmission

study of the changes produced by the photolvsls would be

relatively insensltlve to changes produced on the surface_

slnce conventional transmission techniques characterize the

bulk of the materlalo

In princlple_ then_ this technique seems uniquely

suitable for thls investlgation. In practice_ however_ there

are p_actical dlfficulties_ the greatest of ,which is obtaining

true optical contact between the high refractive index prism

_Figure 64) and the specimen. Various devices have been

suggested such as a film of Nujol or some other transparent

liquid_ Put thus far none have given the necessary degree of

reproduclbility

In order to detect small differences in samples before

and after pho_oiys_the possibility of artlfacts must be

c_ _luliy excluded Many coatings of interest to this project

are hlghly plgmented and therefore do not have optically smooth

surfaces_ Some are even sufficiently porous that excessive

amounts of Nujol aze required to exclude air from the interface_

and the spectrum thereby loses definition. At present_ the

best procedure involves the use of a silver chloride prism_

which Is clamped agalnst the speclmen for 8 hours before the

spectrum is obtained. Since silver chloride is relatively soft_

it deforms under contlnued pressure_ and eventually a reproducible
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spectrum is obtained. These spectra_ however_ have not been

of sufficient quality to show_ for example_ changes in

functional group concentration produced by photolysis.

D I

I l,,,

i \
I

I

\

Figure 64

ATTENUATED TOTAL REFLSCTANCE

The source of difficulty is clearly in the nature of

the epeclmens. When a polymer solution is applied dlrectly

to the prism and an adhering film is formed by evaporation_

excellent characteristic spectra are obtained. Figure 65

shows _uch a film and the effect of varying the angle of

incidence. The spectrum is scarcely sensitive to the angle

of incidence once the critical angle is exceeded_ but below

this angle the spectrum is predictably poor.
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® XI. CONCLUSIONS

i. Of the pigments studied_ zinc oxide_ zinc sulfide_

and calcined china clay were the most satisfactory_ in that

order.

2. Of the vehicles studied_ alkali silicates and methyl

silicones were the most satisfactory.

3. The desired properties for a spacecraft-thermal-control

coating were obtained through the use of a high-purity zinc

oxide_ SP 500_ in conjunction with either a methyl silicone

polymer synthesized in our laboratories or a commercial

potassium silicate_ PS7.

4. The solar absorptance of both systems changed less

than 0.02 after exposure to over 4000 equivalent sun-hours

of ultraviolet irradiation in vacuum.

if(fill!iiiiiiiiii_
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APPENDIX I - COATING

INORGANIC COATINGS

No Used in No Used in

This Report Previous Reports

Cl 2-5-3

C2 2-13-5

C3 2-4-3

C4 2-5-,4

C5 2-24-2

C6 3-5-0

C7 3-15-4

C8 1-12-4

C9 2-12-0

CI0 2-11-0

Cll 2-20-5

C12 2-20-6

C13 2-20-4

C14 2-24-4

C15 2-24-5

C16 3-2-3c

C17 2-20-4a

C18 2-10-0

C19 2-23-3

C20 2-25-2c

C21 3-4-5a

C22 2-10-3

C23 2-17-3

C24 2-17-3 HC

C25 2-17-8

C26 2-18-2

C27 2-18-4

C28 2-19-0

C29 2-19-1

C30 2-20-0

C31 2-9-4

C32 2-10-5

C33 2-10-6

C34 2-18-3

C35 2-18-5

C36 2-20-2

C37 2-25-3

C38 2-25-4

,C39 2-24-0

C40 2-24-6

C41 2-24-7

C42 2-24-0a

C43 1-5-4

liT RESEARCH

AND RESIN NUMBERS

No, Used in

Thi S Rep°rt

C44

C45

C46

C47

C48

C49

C50

C51

C52

C53

C54

C55

C56

C57

No. Used in

Previous Report @

1-9-2

1-16-6

1-19-2

AM

HS

1-25-0

2-11-3

2-11-4

2-12-4

3-21-6

1-9-4

2-13-3
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INORGAI4IC COATINGS

NO o Used in No_, Used in

This Report Previous Reports

No_ Used in

This Report

Zl

Z2

Z3

Z4

Z5

Z6

Z7

Z8

Z9

ZIO

ZII

7.12

ZI3

ZI4

ZI5

Z16

Z17

Z18

Z19

Z20

Z21

Z22

Z23

Z24

Z25

Z26

Z27

Z28

Z29

z30

Z31

Z32

Z33

Z34

Z35

Z36

Z37

Z38

Z39

Z40

Z41

Z42

Z43

Z44

Z45

Z46

Z47

7.48

1-9-5 Z49

2-13-0b Z50

2-12-3b ZSI

2-10-7 Z52

2-13-0a Z53

2-13-01 Z54

2-9-0 Z55

2-!2-3a Z56

2-i0-7a Z57

2-16-3x Z58

2-17-2a Z59

2-17-2c Z60

2-18-0 Z61

2-18-1 Z62

2-19-6 2.63

2 -17-6 Z64

55 LO 2.65

2 -17 -7 Z66

2-22-7 Z67

2-24-1 Z68

2 -23-0 /.69

PS 7 Z70

3-2.4-7a Z71

SP 30 Z72

AZO 33 Z73

XX 30 Z74

3-I0-3a3 Z75

3-14-4c Z76

3-14-0f Z77

3-12-]b Z78

3-13-6c Z79

3-12-46 ZS0

3-14-2b z81

3-13-5c Z82

3-i0-6a Z83

3-12-2a 7.84

3-14-ic /.85

3-14-3b /.86

3-15-02 /.87

3-15-ia 2'88

3-15-2d Z89

3-15-3c /.90

3-19-6 Z91

3-13-5c Z92

3-I0- Ib4 Z93

3-14-2e /.94

3-14-0g /.95

441 -ib Z96

lit RESEARCH INSTITUTE

No_ Used in

Previous Reports

3-19-6f

4-16-2c

3-24-6b

441-2b

441-2a

3-24-4a

4-ii-4a

3-24-5b

3-21-5gB

3-19-6a2

W1

WD

4-15-2e

4-18-24

4-16-0e

4-16-0a

441-1aA

5-4 -4J

5-9-04

4-15-7f

4-15-7e

4 -23 -0a

4-23-0b

4-20-31a

4-20-31b

4-23-71a

4-23-71b

4-15-2W

4-16-0gi

4-14 -3el

4-14-3e2

4-14-3e3

5-13-06

5-16-7

5-6-9

5-13-47

5-11-31

5-19-2

5-19-13

5-19-15

5-19-18

5-19-19

5-19-20

5-19-5

5-24-1

5-19-4

5-19-1
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_ %

This _"" _"K_.,.ur _ Previous keworts

P-I 413-2

P-2 199

P-3 193

P-4 198

P-5 30

P-6 34

P-7 169

P-8 121

P-9 176

P-10 190

P-II 118

P-12 160

P-13 185

P-14 195

P-15 157

P-16 164

P-17 154

P-18 403-1

P-19 416-1

P-20 407-2

P-21 409-2B

P-22 410-1a

S-i TC-83-5

S-2 TC-83-7

S-3 TC-83-8

S-4 TC-83-II

S-5 TC-83-12

S-6 TC-83-13

S-7 TC-83-16

S-8 TC-83-18

S-9 TC-83-19

_S-10 TC-83-21

S-II TC-50-8

S-12 TC-50-10

S-13 TC-50-11

S-14 P-50-15

S-15 TC-50-16

S-16 TC-50-17

S-17 TC-50-19

S-18 TC-50-22

S-19 TC-50-23

S-20 TC-50-24

S-21 TC-50-25

S-22 TC-46-2

S-23 TC-46-4

S-24 TC-46-4

S-25 TC-46-5

(TBT)

(Z775)

liT RESEARCH

t° 2

No. Used in

This Report

S-26

S-27

S-28

S-29

S-30

S-31

S-32

S-33

•go. Used in

Previous KeRorts

TC-46-6

TC-46-8

P-46-9

TC-46-13

TC-46-14

TC-46-19

TC-46-20
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® EXPERIMENTAL RESINS

NO_ Used in

This Report

No o Used in

Previous Reports

R-I

R-2

R-3

R-4.

R-5

R-6

R-7

R-5A

R-5B

R-8

R-9

S-83-10

S-83-14

S-83-17

S-83-20

S-50-3

S-50-4

S-50-12

S-50-3ai

S-50-3a2

VS-38-2a

S-38-3

i
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APPENDIX II - SPECIFICATIONS OF THE THREE BEST COATINGS

The following specifications are presented for the three

best spacecraft-thermal-control coatings developed. These

coatings are Z93_ a zinc oxide-pigmented potassium silicate

paint; S-13_ a zinc oxide-pigmented methyl silicone elastomeric
coating; ana m-jj_ a zinc oxide-pigmented experimental methyl

silicone resin paint_ S-13 and S-33 were designated TC-50-11

and TC-46-20_ respectively_ in previous reports on this

program

fill iiI i_
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PAINT Z93

Materials. SP 500 ZnO was obtained from New Jersey
Zinc COo The vehicle, PS7 potassium silicate_ was obtained
from Sylvania Electric Products Corp. The pigment is
calcined at 700oc for 16 hr (heating and cooling rates are
not critical)

binder weight ratio (PBR) of 4.30 and a solids content of
56°9%, A typical batch is i00 g ZnO, 50 cc PS7 (35% soln.)_
and 50 cc distilled water_ Ball-milllng of the ingredients
is conducted with porcelain balls in a dense alumina mill.
The volume ratio of balls to materials is Iz3_ and the total
char@e is <50% A millinq time of 6 hr at 70% critical
speed (rpm = 54_2//miii radius (ft)) yields a satisfactory
consistency for spraying and is recommended.

The paint is prepared Just before it is to be used.

Shelf life for this composition is limited. Actual shelf

time should not exceed 24 hr, and the mixture should be

shaken occasionally to resuspend the pigment.

AppllcatlOno The formulatlon is applied by spray-

painting. The _as pressure should be cleanf prepurified

nitrogen is a good source Aluminum or plastic substrates

should be abraded_ e.g., with #60 Aloxite metal cloth I and
thoroughly washed with detergent and water.

The application technique consists of spraying at a
distance of 6 to 12 in until a reflection due to the liquid

is apparent This is followed by air-drying until the gloss

is practically gone, at which time the spraying-drying cycle

is repeated° A thickness of about 1 mil is achieved per

cycle Coating dimensions can therefore be predictably

applied. Howevert hand-spraylng is inherently an art and

not a science_ and experience must be gained by the indi-

vidual painter to determine the most satisfactory technique
for him.

_Ap]_!9_o The porous nature of a cured coating

necessitates heavy spraying upon application of a second

ooat t which yields the characteristic gloss of a satis-

factor_ finished textUreo If the area to be repainted has

been contaminated, it should be scrupulously cleaned with

detergent and water_ If desired, the paint can be removed

simply by abrasion, since it is somewhat soft°

_ r.qKi.q_,. Satisfactory physical properties are obtained

by an air-drying cure Improved hardness is obtained by

heat-curing at 140[)C Strict adherence to cleanliness

liT IIE|EAIICH INSTITUTE
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should be observed during this step as in all the other
steps The presence of impurities can greatly decrease
the stability of paints to the space environment.

Physical Properties. The coating is porous and rela-

tively soft_ It exhibits good resistance to thermal-shock

treatment consisting of immersion in liquid nitrogen

followed by heating to 2000Fo The departure of Z93 from

the usual brittle nature of ceramics enables it to with-
I ....

stand stresses well Soiling tendencies_ now_v_L_ are

high Cleaning can be accomplished with detergent and

water_ Acetone and similar organic solvents must be

avoided since they leave a degradable residue°

Optical Propertie_ Minimal solar absorptance (_)

is approached at a coating thickness of 4 mils_ where the

predicted _ is 0,16 ± 0_01o A thickness of 5 mils yields

a minimum (_ of 0_15_ For satisfactory physical properties_

coatings of 6 mils or less are desirable_ The working

range therefore should be between 4 and 6 mils. Emittance

(6) is relatively insensitive to coating thickness_ and

values>0 90 can be expected at 2 mils or greater.

Stability to UV Irradiation in Vacuum. The severest

space-simulation test to which this material was subjected

was for 4200 ESH; _ increased 0_014o An identical compo-

sition which had been heated at 500°C for 2 hr before

space simulation showed a gain in _ of 0 007 Thus_ good

stability can be expected from Z93 if it is properly

prepared

The importance of cleanliness in all aspects of

handling cannot be overemphasized The undesirable contri-

bution to coloration by various contaminants was clearly

demonstrated in several experiments

_i: ii̧
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PAINT S-13

Materlals The ingredients are New Jersey Zinc SP 500

ZnO_ 240 parts by wt General Electric LTV-602 slllcone

compound_ i00 parts by wt,._ General Electrlc SRC-05 catalyst_

1 part by wt _ and toluene, 183 parts by wt The PVC is 30%_

and the solids content is 40% by _rol

F_oormu!at!_oo D The ZnO the LTV-602 add one-half the

toluene are premixed and charged to a porcelaln ball mill in

a quantlty sufficieDt to just fll] the void space when the

mlll zs half full of grir_ai.lg _hone_ The paint is ground

for about 16 hr at approximately 70% c_]tlcai speed The

basic charge is then removed,, and the remalnder of the

toluene is added to the mlll_ The resldue and the solvent

are ground until the contents are unlformly thln_ but not
for more than 5 mln The contents are then added to the

maln charge and the whole mlxed thoroughly. NOTE_ THE
SRC-05 CATALYST IS _OT ADDED U_TIL THE PAINT IS APPLIED.

Borundum-fortified porcelain mills add Grlndlng medla are

recommended Cleanllness of the ba_ f roll I ]s vltal

Excellent shelf llfe was observed

A_jg_R!_icat_o__nn A prlmer is required and can be applled

to any surface to which the specified prlmer wl._L adhere

Either General Electric s proprietary SS-4004 o_ SS--4044

primer can be used SS-4004 contains a red dye to facili-

tate control of thickness durlng appilcatlon Less than

1 mil of primer is requlred_ The use of SS.4004 rather

than SS-4044 results _n a slightly higher _between 0 01

and 0_02) solar absorptance (,._) The primer should be

allowed to air-dry for 1 br before the pal_t ] s applled

Both S-13 and the primer are applied by spray-palnt_ng_

A gas pressure of 30 to 35 psl Is required when a Paasche

type AUTF a_rbrush is used The use o_ a _arger gun may

require experimentatlon w_th the gas pressure :_s well as

with the solvent concentration The %as pressure should be

clean; prepur_fied nltrogen is recommended The SRC-05

catalyst is added immediately before app]_cat_on_ to an

amount of paint no larger than that which can be applled in

20 to 30 m_n The paint alr-cures ]_ 16 hc Curing can be

slightly accelerated by heating to !50 to _00_F

Rea_a_p_plication Soiled or damaged areas can be re-

coated Soiled areas must be cleaned thoroughly wlth

detergent and water The surface must be dry before

applicatlon of additional S-13 Damaged or gouged areas

can be recoated by making a paste of S.-13 ]n which the bulk

of the solvent is omitted. Such a materlai can be trowelled

or brushed over the damaged area and cures tack.-free _n a

few hours
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Physical Properties Paint S-13 is rubbery and resilient.

Therefore_ it can be gouged by a sharp tool with little effort.

Its adherence is excellent when a prlmer is used but is very

poor when applied directly to a metal substrate_ in which case

it can be stripped from the substrate in one piece_ Because

of the resiliency of the surface_ dirt tends to cling to the

surface Dirt can be easily removed by wiping wlth a water-

moistened CLEAN_ SOFT cloth NOTE: S-13 SHOULD NEVER BE

STABILITY) o Paint S-13 withstands more than i0 thermal-shock

cycles consisting of immersion in liquid nitrogen followed by

rapid heating to 200°F_ The paint can be torsionally stresse_

to 90 ° without failure and withstands repeated bending to

180 °

Optical Properties° Minimal u is not obtained until a

thickness of nearly i0 mils is reached The following tabu-

lation is provided as a guide.

Thi ckne ss

(±0 25 mils)

Solar Absorpt ance

(±0 01)

1 0 33

2 .27

3 °25

4 .23

5 22

6 _21

8 _20

9 19

I0 0_19

A working range of 5 to 8 mils is recommended° For coatings

the total normal emittance (200°F) isof 4 mils or thicker,
0_90 or better_

Stability to UV Irradiation in Vacuum° The severest

test to which this material was subjected was for 4200 ESH;

increased from 0_21 to 0o25_ with A_L = 0°06° Cleaning

with water or with detergent and water before irradiation

does not affect stability° Cleaning with acetone_ however_

severely affects stability_ Therefore cleaning with water

or with water and detergent is recommended

z
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PAINT S-33

Materlalso This paint zs based or? an experimental
methyl silicone resln syntheslzed" at the IIT Research Insti-
tute,, The pigment is New Jersey Zinc SP 500 ZnO,. Tetra-

butoxy titanium (TBT) is used as a cross-linking (curing)

agent and can be obtained from Du Pont_.

The exper_menta] resin R-9_ is prepared as follows.

Three-tenths moles (38_7 g) of dlmethy]dlchioros_Aane _o_mJ

and 0.,48 moles (72_0 g) of methyltrichlorosllane (95%) are

mixed in 300 g of anhydrous d!ethy] _eher_ The resultant

mixture Is added dropwise wlth egltatlon_ over a period of

40 mln.j to I000 g of _ce,. The ether layer Is separated and

washed with a 5% soln_ of sodium bicarbonate,_ followed by

three washings with disti.lled water_ The ether so]n_ is

dried over Drier_te and evaporated at reduced pressure_

leaving a vlscous colorless resin. Th&s stock resin is

distilled at i00 to 107, C at a pressure of 0_.01 to 0_04 mm Hg

in an ASCO _50 Rota-Film molecular stlll .... The upper-

molecular-weight fraction is colle<;ted as resln R-9, It

should possess a molecular weight of 2000 to 2200_ the lower

limit belng critlcal_. The resJ.n Is deco_orlzed wlth Darco
Activated Carbon G60 obtained from the Atlas powder Co.

The ingredients of the paint are New Jersey Zinc SP 500

ZnO, 316 parts by wt,_ IITRI experimental silicone resin

R-9_ i00 parts by wt,), tetrabutoxy _t_nlum (TBT) . ! part

by wt_, and toluene, 225 parts by wt. The PVC is 40%_ and

the soi_ds content IS 40% by vol

F___rm_l__tloD,, The ZnO the R.-9 reset and 100 parts of

the spec_fled toluene are premlxed and charged to a porcelain

ball ml]] In a quantity sufflcle_t to Jus_ fl_l the vold

space when the mill is half full of qr_-ndinq stones

Borundum-fortifled porcelain mill. s and Qr_nd_nQ media are
recommended Excellent shelf llfe was observed The paint

is ground for about 16 hr at approximateiy 70% crltlcal

speed• The TBT is added lust prlor to appllca_lon The

basic charge is removed and 100 parts of the toluene are

added to the mlll. The residue and sol',_en _ are ground unt_l

the contents are unlform]y thin but not for more than 5 min,_

The contents are then _dded to the main charge and the whole

mixed thoroughly. The TBT and the remainln_ 25 parts of the

toluene are mixed together and slowly added to the pa_nt_

with agltation_ Local gelatlon can be broken down by vigor-

ous a_itatlon or stirrlnq. Excellent shelf life was observed,_

Th_s formulation is sam]glossy when cured.. A glossy

palnt can be made by cutting the amount of pi.gment requlred

to 264 parts by wt< and the toluene to 176 parts by wt The

PVC i s 35%
lit RESEARCH INSTITUTE
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Ap_plication Paint S-33 does not require a primer The.

surface to which it is applied must be absolutely dry and

should be lightly sandbalsted_ pressure-blasted_ or abraded

with,, e g _ #60 Aloxite metal cloth Adherence to alumin'0m_

magnesium, and steel substrates is excellent if these surfaces
are clean Its adherence to other surfaces ls unknown°

S-33 is best applied by spray-painting at a gas pressure

of 30 to 35 psi when a Paasche type AUTF airbrush is used_

The use of a larger gun may require experimentation with gas

pressure as well as with the solvent concentration_ The gas

pressure should be clean; prepurified nitrogen is recommended.

The paint should be allowed to air-dry for 1 to 2 hr_ or until
the solvent has evaporated. It should then be heat-cured for

1 to 2 hr at 300C'F P3stcuring for 1 hr at 500oF results in

a harder_ more brittle, less glossy film which exhibits still

greater stability to UV vacuum exposure

Ph__yslcal Properties Paint S-33 is hard and brittle°

It resists soiling_ particularly when pigmented at 35% rather

than 40% PVC It does not remain intact when bent 90 ° around

a i/2-in mandrel.., but withstands torsional stress to 90 ° . It

withstands i0 cycles of thermal-shock treatment consisting of

immers].on in liquid nitrogen followed by rapid heating to

200_"F_ Cleaning can be accomplished by washing with a deter-

gent followed by copious quantitites of distilled water. T_

effect of cleanlng with organic solvents is unknown_ and

therefore organxc solvents are not recommended_

O p_ga_l Pro_erties_: Minimal solar absorptance (u) is

reached at a thickness of approximately 7 mils. The follow-

ing tabulation is provided as a guide

Tblckness Solar Absorptance Total Normal Emittance

i+0 25 mils) ..... (.Q_01) ....... (200oF)

1 0 29 0_80

2 25 .88

3 23 .89

5 ,.205 .90

6 20 .91

7 0 195 0 _92

A working ranqe of 3 to 5 mils is recommended The emittances

provlded above are estimates based on data which showed con-

siderable scatter

Stabilit]{ to UV Irradiation in Vacuum, The severest test

to which paint S-33 was subjected was for 4200 ESH_ A speci-
men of S-33 which was cured for 1 hr at 300__F increased 0.,020

in ,_ whereas a specimen postcured for i hr at 500°F increased

0_011 The paint, if pigmented at only 35% PVC_ is somewhat

less stable, and _ may increase 0<,02 upon 2000-ESH exposure.
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